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FOREWORD 


This  report  is  a combined  DOI-USDA  effort  which  consolidates 
two  different  reports.  DOI  efforts  are  summarized  in  the 
Bureau  of  Reclamation  1986  Evaluation  Report  required  by  the 
Commissioner  of  Reclamation  as  a management  document  used  in 
the  ( MBO ) Management  By  Objectives  program  management.  The 
USDA  report  is  the  Annual  Report  on  the  Colorado  River 
Salinity  Control  Program,  published  as  a separate  document 
prior  to  1985.  This  combined  report  reflects  upon  the 
efforts  by  DOI  and  USDA  to  more  fully  coordinate  and  inte- 
grate the  respective  salinity  control  programs  authorized 
in  P.  L.  98-569,  amendments  to  the  Colorado  River  Basin 
Salinity  Control  Act  of  1974  (P.  L.  93-320).  Data  shown 
reflects  accomplishments  to  January  1,  1986. 

Nothing  in  this  report  is  intended  to  interpret  the  provi- 
sions of  the  Colorado  River  Compact  (45  Stat.  1057),  the 
Upper  Colorado  River  Basin  Compact  (63  Stat.  31),  the  Water 
Treaty  of  1944  with  the  United  Mexican  States  (Treaty  Series 
994,  59  Stat.  1219),  the  decree  entered  by  the  Supreme  Court 
of  the  United  States  in  Arizona  vs.  California,  et  al. 

(376  U.S.  340),  the  Boulder  Canyon  Project  Act  (45  Stat. 
1057),  the  Boulder  Canyon  Project  Adjustment  Act  (54  Stat. 
774;  43  U.S.  Code  618a),  the  Colorado  River  Storage  Project 
Act  (70  Stat.  105;  43  U.S.  Code  620),  or  the  Colorado  River 
Basin  Project  Act  (82  Stat.  885;  43  U.S.  Code  1501). 
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FINDINGS  AND  RECOMMENDATIONS 


The  findings  and  recommendations  briefly  summarized  here  are 
the  result  of  a joint  evaluation  conducted  by  the  Department 
of  the  Interior  and  the  Department  of  Agriculture.  The  fin- 
dings are  presented  as  a program  management  tool  to  accom- 
plish salinity  control  objectives  at  minimum  cost.  This 
approach  to  long-term,  programwide  interagency  analysis  is 
helpful  to  Federal  program  managers  when  weighing  budget  and 
program  decisions  each  year. 

The  1986  evaluation  was  prepared  using  data  adjusted  to 
more  accurately  compare  the  program  information  of  the  two 
departments.  All  costs  (January  1986)  and  interest  or 
discount  rates  (8  5/8  percent)  have  been  adjusted  to  the 
same  base.  Repayment  from  the  Lower  Colorado  River  Basin 
Development  Fund  was  based  on  the  current  10  5/8  percent 
interest  rate. 

The  base  condition  for  the  CRSS  (Colorado  River  Simulation 
System)  computer  model  evaluation  assumes  no  funds  expended 
on  salinity  control  beyond  those  already  spent  on 
Grand  Valley,  Meeker  Dome,  Uinta  Basin,  and  Las  Vegas  Wash. 
These  projects,  or  portions  thereof,  are  currently  removing 
approximately  126,800  tons  of  salt  annually  from  the  river 
system.  Projections  of  future  salinity  conditions  used  the 
average  of  15  sequences  of  historical  hydrology  (1906-1983) 
as  a data  base  and  current  (1986)  Bureau  of  Reclamation 
depletion  projections  (similar  to  the  Forum's  moderate 
depletion  level). 

The  salinity  at  Imperial  Dam  is  projected  to  reach  about 
963  mg/L  by  the  year  2010.  Using  the  salinity  projections 
at  Imperial  Dam,  salt  load  reductions  required  to  reduce 
projected  TDS  (total  dissolved  solids)  levels  to  the  numeric 
criteria  level  of  879  mg/L  were  estimated  to  be  1,090,000 
tons  per  year  by  the  year  2010  and  are  referred  to  as  the 
program  objective.  Because  of  hydrologic  fluctuations  in 
the  Colorado  River  Basin,  the  salt  load  reduction  objective 
would  be  met  at  least  50  percent  of  the  time  in  the  future. 

In  confirming  the  effectiveness  of  the  recommended  plan  to 
fully  satisfy  salt  load  reduction  objectives  and  program 
goals,  salinity  projections  at  Imperial  Dam,  with  and 
without  additional  program  controls,  are  shown  in  figure  1. 
Figure  1 provides  an  historical  perspective  in  addition  to 
the  numeric  standard  and  the  projections  at  Imperial  Dam. 

It  is  readily  apparent  that  with  or  without  the  recommended 
controls,  the  salinity  at  Imperial  Dam  is  expected  to 
increase  significantly  over  the  next  eight  years. 
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Figure  1.  - Salinity  projections  with  and  wo  additional  controls. 
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In  looking  to  the  future,  the  salinity  impacts  of  the  recom- 
mended plan  can  be  compared  witl-}  the  no  action/no  control 
scenario.  In  the  near  term,  due  to  long  construction 
periods  and  natural  lag  times  in  the  river  system,  the 
potential  reduction  of  salinity  is  not  significant.  The 
real  program  payoff  appears  after  1995  when  the  recommended 
plan  maintains  the  TDS  at  Imperial  Dam  below  the  standard  to 
the  year  2010.  Any  long-term  program  capability  in  terms  of 
maintaining  of  salinity  below  the  standard  also  provides 
some  cushion  or  insurance,  should  any  individual  project 
fail  to  reduce  salt  loading  as  planned. 

The  least  cost  investment  computer  model  developed  by 
Reclamation  and  Colorado  State  University  was  used  to 
evaluate  project  investment  levels.  This  model  initially 
determines  the  optimal  combination  of  projects  and  construc- 
tion timing  to  meet  salt  load  reduction  goals  at  minimum 
investment  levels.  The  investment  level,  modified  to  meet 
program  needs  and  continuity,  results  in  an  investment  level 
for  the  selected  schedule  of  $498  million.  (See  figure  2.) 

The  model  is  driven  by  the  overall  cost  of  the  total  con- 
struction and  implementation  schedule.  Cost-effectiveness 
($/ton)  is  an  important  factor  in  selecting  the  projects  to 
implement  (as  directed  in  Public  Law  98-569),  but  it  is  not 
the  only  consideration  in  the  development  of  an  implemen- 
tation schedule.  The  basinwide  program  must  consider  the 
uncertainties  of  implementation  in  the  technical,  social, 
political,  institutional,  and  legal  arenas.  Local  concerns 
and  needs,  management  of  irrigation  systems,  and  regional 
impacts  are  involved  in  the  final  selection  of  an  implemen- 
tation schedule. 

The  analysis  is  based  on  current  data.  Annual  review  is 
required  to  update  project  data,  review  the  program  objec- 
tives to  determine  if  they  deviate  significantly,  and 
confirm  the  validity  that  the  investment  level  of  approxima- 
tely $498  million  will  satisfy  the  program  objectives.  As 
evidenced  by  past  program  activities,  long  lead  times  are 
required  for  project  planning  and  implementation,  and  con- 
struction costs  continue  to  increase.  To  minimize  program 
costs  and  to  avoid  increased  inflation  expenses  program 
planning,  implementation  schedules,  and  funding  levels 
should  be  consistent  with  the  recommended  plan.  Construc- 
tion should  not  be  delayed  because  high  flows  for  the  past 
few  years  have  temporarily  lowered  salinity  levels  in  the 
system.  Any  delay  would  impact  program  continuity  and 


3 


Bar 186-Mov.  20,  1«86 


Recommended  Plan  - J4">8  million  1/ 
1.091  Hillion  Ton  Reduction 


Description  Tears 


1985  1986  1987  1>88  1989  1990  1991  1992  1993  19»4  P9S  1906  1997  1998  1999  2000  2001  2002  2003  2004 

6rand  Valley  Stage  II 

2/  llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 

Paradox 

UUUlllUUUUUUllllUlU 

Dolores 

3/  1 Itittmmmiim 

Loner  Gunnison  Winter  Hater 

! iimumiiimm 

Las  Vegas  Hash  ■ Whitney 

! — immiiiiiiiiiiu 

Uinta  Stage  I 

1 \iiiiiiiinuiiniimiiimiiiiiimimuiniii 

loner  Virgin 

1 'iiiimmiiiiiiu 

Price-San  Rafael  (coordinated)  4/  ! \inmmuiiiimimniiminimmm 


Grand  Valley  - USD* 

iiiimiuiuiiiiiiiiimiiiiniiiiiiiiiiiiiiiiiiiiiiiuiiuiiiiiiiiiiiiiiimiiimiiiimimimiii 

Uinta  - USD* 

imimmuiiimiimminiunninuiiimuimiiniiiiiiiiiiiiiiiiinmiiiiuinuimiiimnimiiiim 

loner  Gunnison  1 - USD* 

! — iiimmmmmimimmmmmimiimmmimmmmmmi 

loner  Sunn ison  2 - Kontrose  - USD*  ! — 'aiinuinimimiinunumiiiiuiiiiiiiiiinunimniiumiiuii 

loner  Sunmson  2 - Delta  - USD*  \-—llimimilllllllllllllllllimilUllllllumilllllll 


loner  Gunnison  3 - USD* 

! — \nimmmmm 

hoapa  Valley  - USD* 

! Uimuiiniiuiii 

hcElmo  Creek  - USD* 

! \mmiiiiiimmmimmmiiiiimm 

8ig  Sandy  - USD* 

! — \mimmimmmmmimmimmii 

1/  Information  based  on  198*  data  tables. 

2/  2’s  mill  designate  construction  activities. 

V lines  ! ! designate  advance  planning  activities  for  Reclamation  and 

technical  assistance  activities  for  USD*. 

4/  Currently  not  included  in  USD*  Schedule. 


note:  Units  not  included: 

Reclamation:  USD*:  Completed  Units: 

'Data  not  available 

Grand  Valley  U,  8a lance  Virgin  Valley  Keeker  Dome 

loner  Gunnison  I,  Balance  nancos  Valley  Grand  Valley  Stage  I 

•loner  Gunnison  itorth  Fork  *Palo  Verde  Irrig.  Dist.  las  Vegas  Hash  - Pittman 

las  Vegas  Hash  Stage  II 
•Uinta  Stage  (I 
Dirty  Devil  tiver 
•Palo  Verde  Irrig.  Dist. 

•Dig  Sandy 
•San  Juan 
Sinbad  Valley 
Glennood-Ootsero  Springs 

Figure  2.  - Recommended  Plan 

4 


cause  serious  interruption  to  the  long-term  irrigation 
improvement  and  onfarm  projects,  as  well  as  result  in  future 
unrealistic  funding  requests  from  Congress. 

Major  Findings 

The  recommended  plan  will  fully  satisfy  the  salt  load 
reduction  objective  (1.09  million  tons  per  year  by 
2010)  and  the  program  goal  of  maintaining  salinity 
below  879  mg/L  at  Imperial  Dam. 

Total  construction  cost  for  the  program  is  now  pro- 
jected to  be  about  $498  million,  or  $72  million  less 
than  the  $570  million  projected  in  1985,  which  is  sig- 
nificantly less  than  previous  estimates  ($1.9  billion 
in  1983) . 

In  order  for  the  recommended  plan  to  meet  the  program 
objective  and  goals,  it  is  imperative  that  construc- 
tion of  most  of  the  projects  under  the  plan  be  ini- 
tiated no  later  than  1991. 

In  order  to  meet  the  program  needs  beyond  the  next 
decade,  to  minimize  Lower  Basin  interest  costs  and 
maintain  program  continuity,  construction  of  several 
new  projects  needs  to  be  initiated  in  the  next  4 
years.  The  $498  million  investment  level  appears  to 
best  satisfy  the  remaining  long-term  requirements  at 
least  investment  cost. 

To  meet  salt  load  reduction  objectives,  it  is  neces- 
sary to  have  a mix  of  both  USDA  and  Interior  projects. 

Repayment  analysis  of  the  Lower  Colorado  River  Basin 
Fund  shows  that  sufficient  funds  are  available  to 
cover  all  costs  (capital,  O&M,  interest,  and  3.8  percent 
inflation)  for  the  $498  million  cost  of  the  recom- 
mended plan. 

Continued  close  Federal  and  State  coordination  among 
Interior,  USDA,  the  Interagency  Committee,  the  Forum, 
and  the  Advisory  Council  is  critical  to  continued 
effective  management  of  the  program. 

To  keep  the  project  implementation  schedule  on  track, 
the  evaluation  will  need  to  be  reviewed  annually  for 
the  next  several  years  to  allow  for  inclusion  of  newly 
formulated,  more  cost-effective  projects  and  changes 
in  technology. 
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Management  Recommendations 


Continue  to  refine  the  determination  of  salt  load 
reduction  objectives  for  future  program  analysis. 

Continue  analysis  of  project  construction  schedules 
for  possible  modifications  to  allow  other  cost- 
effective  projects  to  be  started  earlier. 

DOI  and  USDA  should  support  the  $498  million  invest- 
ment level  for  program  planning  and  budgeting 
purposes.  Figure  2 represents  the  1986  recommended 
implementation  schedule. 

Continue  program  evaluation  annually  to  improve  on 
investment,  repayment,  and  uncertainty  analysis. 

Continue  to  work  toward  early  implementation  of  the 
USDA  Colorado  River  Salinity  Control  Program  in  coor- 
dination with  DOI. 

Support  direct  USDA-Reclamation  coordination  effort  by 
maintaining  a USDA  Basin  Coordinator  in  Reclamation's 
Colorado  River  Water  Quality  Office. 

Continue  technical  policy  and  coordination  committees. 

Continue  cooperation  among  the  Federal  agencies,  the 
Forum,  and  Advisory  Council. 
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BACKGROUND 


This  report  provides  the  basis  for  continuing  evaluation  of 
the  Title  II  portion  of  salinity  control  programs  in  the 
Colorado  River  Basin.  It  is  intended  to  serve  as  a compre- 
hensive financial/management  level  analysis  of  all  Federal 
and  State  salinity  control  efforts  in  the  basin.  This 
annual  evaluation  is  provided  as  a management  tool  to  ensure 
that  the  program  is  being  carried  out  in  the  most  cost- 
effective  manner  in  accordance  with  legislative  requirements 
and  current  program  schedules.  The  Title  I portion  of  the 
salinity  control  program  downstream  from  Imperial  Dam  is 
also  briefly  summarized. 


Colorado  River  Basin 


The  Colorado  River  Basin  encompasses  portions  of  seven 
states.  The  river  flows  over  1,400  miles  from  its  mainstem 
headwaters  in  Colorado.  It  joins  with  major  tributaries 
from  Wyoming,  Utah,  and  New  Mexico,  flows  through  the  Grand 
Canyon,  provides  state  boundaries  for  Nevada,  Arizona,  and 
California,  flows  through  the  Republic  of  Mexico,  and  ter- 
minates in  the  Gulf  of  California. 

The  Colorado  River  provides  municipal  and  industrial  water 
supplies  for  over  18  million  people  and  irrigation  water  to 
over  1,000,000  acres.  The  river,  however,  carries  about 
9 million  tons  of  salt  annually  past  Hoover  Dam.  Projec- 
tions indicate  salinity  levels  increasing  beyond  numeric 
standards  if  controls  are  not  implemented,  even  though 
recent  high  flows  have  flushed  the  major  reservoirs.  The 
result  has  been  significantly  lowered  salinity  levels  at 
Imperial  Dam— from  an  annual  average  of  826  mg/L  in  1982, 
to  607  mg/L  (provisional)  in  1985. 


Colorado  River  Water  Quality  Improvement  Program 

The  CRWQIP  (Colorado  River  Water  Quality  Improvement  Program) 
was  initiated  as  a general  investigation  program  by 
Reclamation  (Bureau  of  Reclamation)  in  1971.  See  figure  3. 
The  general  goals  and  objectives  governing  salinity  control 
in  the  basin  have  been  established  by  two  key  pieces  of 
Federal  legislation:  The  Federal  Water  Pollution  Control 

Act  as  amended.  Public  Law  92-500,  currently  known  as  the 
Clean  Water  Act;  and  the  Colorado  River  Basin  Salinity 
Control  Act  of  1974  as  amended,  Public  Law  93-320. 
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Figure  3.  - Colorado  River  Water  Quality  Improvement  Program. 
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Public  Law  92-500  provides  for  water  quality  standards  for 
receiving  waters,  and  Public  Law  93-320  authorized  construc- 
tion of  four  salinity  control  units  and  studies  of  twelve 
additional  units. 

In  Public  Law  93-320,  the  Secretary  of  the  Interior  was 
directed  to  implement  the  salinity  control  policy  adopted  on 
April  26-27,  1972,  for  the  Colorado  River  in  the  "Conclusions 
and  Recommendations"  published  in  the  Proceedings  of  the 
Reconvened  Seventh  Session  of  the  Conference  in  the  Matter  of 
Pollution  of  the  Interstate  Waters  of  the  Colorado  River  and 
Its  Tributaries  in  the  States  of  California,  Colorado,  Utah, 
Arizona,  Nevada,  New  Mexico,  and  Wyoming. 

A salinity  policy  was  adopted  for  the  Colorado 
River  system  that  would  have  as  its  objective  the 
maintenance  of  salinity  concentrations  at  or  below 
levels  presently  found  in  the  lower  main  stem.  In 
implementing  the  salinity  policy  objective  for  the 
Colorado  River  system,  the  salinity  problem  must 
be  treated  as  a basinwide  problem  that  needs  to  be 
solved  to  maintain  Lower  Basin  water  salinity  at 
or  below  present  levels  while  the  Upper  Basin 
continues  to  develop  its  compact-apportioned 
waters . 

This  policy  was  approved  by  the  EPA  ( Enviromental  Protection 
Agency)  on  June  9,  1972.  The  Administrator  of  the  EPA  and 
the  Secretary  of  Agriculture  were  directed  to  cooperate  and 
coordinate  their  activities  with  the  Secretary  of  the 
Interior  to  effectively  carry  out  the  objectives  of  the 
program . 

Public  Law  98-569  was  signed  into  law  on  October  30,  1984, 
and  amends  Public  Law  93-320.  This  legislation  modifies  the 
original  salinity  control  program  by  authorizing  construc- 
tion of  additional  units  and  directs  the  Secretary  of 
Agriculture  to  establish  a major  voluntary  onfarm  coopera- 
tive salinity  control  program. 


Participants 

Reclamation  was  delegated  the  coordinating  role  for  the 
Secretary  of  the  Interior;  and  the  Chief,  Colorado  River  Water 
Quality  Office,  was  appointed  the  designated  salinity  control 
liaison  officer  for  Interior.  As  liaison  officer,  he  coor- 
dinates the  overall  salinity  control  program  with  USDA 
(Department  of  Agriculture),  EPA,  the  Colorado  River  Basin 
Salinity  Control  Advisory  Council,  and  the  Forum  (Colorado 
River  Basin  Salinity  Control  Forum) . 
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The  FWS  (Fish  and  Wildlife  Service)  activities  are  important 
to  the  implementation  and  progress  of  the  CRWQIP.  FWS  pro- 
vides guidance  for  replacing  fish  and  wildlife  habitat 
values  potentially  lost  primarily  through  canal  and  lateral 
lining  and  onfarm  programs. 

The  USGS  (Geological  Survey)  Water  Resources  Division 
operates  and  maintains  a network  of  22  streamflow  and  water 
quality  stations  in  the  Colorado  River  drainage  basin  that 
are  used  in  salinity  program  analysis.  In  addition  to  main- 
taining this  hydrologic  data  network,  the  USGS  has  been 
conducting  studies  which  analyze  the  time  variations  in 
salinity  and  define  man's  influence  on  salinity.  These 
studies  will  be  completed  by  the  end  of  FY  1986  with  reports 
available  early  in  FY  1987. 

The  BLM  (Bureau  of  Land  Management)  has  identified  several 
salinity  source  areas  on  public  lands.  Effective  management 
of  these  areas,  which  may  include  land  treatment,  is  cur- 
rently being  considered. 

USDA  involvement  is  provided  primarily  by  the  ASCS 
(Agricultural  Conservation  and  Stabilization  Service)  and 
the  SCS  (Soil  Conservation  Service).  Working  through  the 
USDA  Salinity  Control  Coordinating  Committee  and  the 
Director  of  Land  Treatment  Program  Division  as  the 
designated  USDA  salinity  control  liaison  officer,  ASCS  and 
SCS  provide  major  program  management  leadership  and  overall 
program  coordination  with  Reclamation.  However,  USDA  agen- 
cies and  Title  II  onfarm  salinity  control  programs  are 
funded  and  implemented  separately  from  Reclamation  programs. 

Currently,  USDA  implementation  efforts  are  administered 
under  existing  program  authorities  since  line  item  funding 
has  not  been  authorized  as  of  January  1986.  Financial 
assistance  and  landowner  cost-share  funding  are  being  pro- 
vided through  specific  appropriation  language  for  the  ACP 
(Agricultural  Conservation  Program)  within  the  ASCS.  SCS 
funding  for  technical  assistance  and  monitoring  are  not  spe- 
cifically appropriated;  therefore,  the  agency  must  rely  upon 
the  existing  CTA  (Conservation  Technical  Assistance)  support 
to  implement  onfarm  salinity  control  measures. 

The  ARS  (Agricultural  Research  Service),  the  Cooperative  State 
Research  Service,  and  the  Extension  Service  also  play  a vital 
role  in  the  salinity  control  program.  The  ARS  conducts 
research  on  irrigation  water  and  soil  management,  water 
delivery  system  design,  and  operational  practices.  The 
Extension  Service  carries  out  educational  programs  to  advise 
irrigators  on  water,  soil,  and  crop  management  in  saline 
areas. 
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The  major  EPA  programs  dealing  with  salinity  control  (Water 
Quality  Standards,  Water  Quality  Management  Planning,  and 
NPDES  permits)  are  the  responsibility  of  the  States.  EPA 
maintains  oversight  and/or  approval  responsibilities  for 
these  programs. 

The  Colorado  River  Basin  Salinity  Control  Advisory  Council  was 
established  by  Public  Law  93-320.  The  Advisory  Council  is 
composed  of  up  to  three  representatives  appointed  by  the 
Governor  of  each  Basin  State.  It  receives  reports  from  the 
various  Federal  agencies  working  on  the  salinity  control 
program  and  makes  recommendations  to  the  Secretaries  of  the 
DOI  (Department  of  the  Interior)  and  USDA  and  the 
Administrator  of  the  EPA  on  the  progress  of  implementation 
of  the  salinity  control  program. 

The  Colorado  River  Basin  Salinity  Control  Forum  was 
established  in  1973  as  a mechanism  for  interstate  coopera- 
tion and  to  develop  and  adopt  water  quality  standards  for 
salinity,  including  numeric  criteria,  on  the  Colorado  River. 
The  standards  were  published  in  1975  and  were  based  on  the 
objective  of  maintaining  salinity  concentrations  at  or  below 
the  1972  levels  found  in  the  lower  main  stem  while  allowing 
the  Basin  States  to  continue  to  develop  their  compact- 
apportioned  waters.  The  Forum  is  composed  of  up  to  three 
representatives  appointed  by  the  Governor  of  each  of  the 
Basin  States. 

The  seven  Colorado  River  Basin  States--Arizona , California, 
Colorado,  Nevada,  New  Mexico,  Utah,  and  Wyoming--have  an 
important  role  in  the  salinity  control  effort.  They  are 
responsible  for  the  control  of  the  discharge  of  TDS  (total 
dissolved  solids)  from  point  discharges  through  the  NPDES  per- 
mit program.  California,  Colorado,  Nevada,  and  Wyoming  have 
authority  to  issue  all  types  of  NPDES  permits;  New  Mexico  and 
Arizona  prepare  permits  and  forward  them  to  EPA  for  issuance; 
and  Utah  issues  its  minor  industrial  permits  while  EPA  handles 
the  major  industrial  permits. 

The  States  have  primary  responsibility  for  the  adoption  and 
enforcement  of  water  quality  standards.  The  numeric  criteria 
established  at  Hoover  Dam,  Parker  Dam,  and  Imperia1  Dam  are 
723  mg/L,  747  mg/L,  and  879  mg/L,  respectively.  In  addition 
to  NPDES  permits,  the  States  have  developed  water  quality 
management  plans  to  conform  with  the  requirements  of  Section 
208  of  the  Clean  Water  Act. 
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Status  of  Implementing  Public  Law  98-569 


The  98th  Congress  passed  H.  R.  2790  that  amends  Public  Law 
93-320,  the  Colorado  River  Basin  Salinity  Control  Act.  The 
President  signed  the  bill  on  October  30,  1984,  and  the 
legislative  initiative  became  Public  Law  98-569.  The 
following  comments  provide  a status  of  activities  directed 
toward  implementing  the  new  legislation: 

Preconstruction  activities  are  underway  in  the  salinity 
control  units  newly  authorized  for  construction  by  the 
Department  of  the  Interior:  Winter  Water  portion  of 

Stage  I of  the  Lower  Gunnison  Basin  Unit,  Colorado, 
and  the  McElmo  Creek  Unit  as  a part  of  the  Dolores 
Participating  Project,  Colorado; 

Since  the  USDA  portion  of  the  Colorado  River  Basin 
salinity  control  program  has  not  yet  been  funded, 
the  Secretary  of  Agriculture  continues  to  use  existing 
authorities  to  carry  out  the  onfarm  program. 

The  Secretary  of  Agriculture  will  submit  a report 
on  the  onfarm  program  to  the  Congress  by  January  1, 
1988,  and  every  five  years  thereafter; 

BLM  is  continuing  to  work  on  its  comprehensive  salinity 
control  program.  A draft  report  describing  the  program 
is  scheduled  to  be  completed  by  January  1987. 

Current  studies  are  investigating  industrial  water  use 
for  disposal  of  saline  and  brackish  waters; 

Reclamation  plans  to  undertake  advance  planning  on  the 
Sinbad  Valley  Unit,  Colorado,  in  1989,  if  funding 
permits ; 

The  investment  schedules  are  reviewed  annually  to  make 
certain  the  Lower  Basin  Development  Fund  can  repay  its 
share  of  the  investment  and  operation  and  maintenance 
costs . 
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SUMMARY  OF  AGENCY  AND  UNIT  ACTIVITIES 


Title  I 


Title  I of  the  Colorado  River  Basin  Salinity  Control  Act, 
Public  Law  93-320,  authorized  the  Secretary  of  the  Interior 
to  proceed  with  a program  of  works  of  improvement  for  the 
enhancement  and  protection  of  the  quality  of  water  available 
in  the  Colorado  River  for  use  in  the  United  States  and  the 
Republic  of  Mexico.  Title  I enables  the  United  States  to 
comply  with  its  obligation  under  the  agreement  with  Mexico 
of  August  30,  1973  (Minute  No.  242  of  the  International 
Boundary  and  Water  Commission,  United  States  and  Mexico), 
which  was  concluded  pursuant  to  the  Treaty  of  February  3, 

1944  (TS  994). 

Title  I features  of  the  Colorado  River  Basin  Salinity 
Control  Project  are  measures  below  Imperial  Dam.  They  include 
the  Coachella  Canal  Unit,  the  Protective  and  Regulatory 
Pumping  Unit,  and  the  Desalting  Complex  Unit.  Together, 
these  units  will  salvage  over  a third  of  a million  acre-feet 
of  water  a year. 

The  Coachella  Canal  Unit,  which  provides  for  concrete  lining 
the  first  49  miles  of  the  canal,  is  essentially  completed, 
except  for  some  fish  and  wildlife  mitigation  features. 

Program  costs  for  this  feature  were  $47,900,000.  Up  to 
132,000  acre-feet  of  water  will  be  saved  per  year.  Operation 
and  maintenance  of  this  canal  remain  with  the  Coachella 
Valley  Irrigation  District. 

Twenty-one  wells  of  the  35-well  Protective  and  Regulatory 
Pumping  Unit  have  been  completed  and  are  operable.  The 
remaining  14  have  been  deferred  until  water  supply  needs 
make  construction  necessary.  High  flows  in  the  Colorado 
River  over  the  past  few  years  have  meant  little  or  no  opera- 
tion of  the  completed  wells.  About  $19,500,000  of  a 
programmed  $31,700,00  have  been  spent  to  date.  By  agreement 
with  Mexico,  a maximum  of  160,000  acre-feet  per  year  will  be 
withdrawn  by  this  well  field. 

Work  is  continuing  on  the  keystone  of  Title  I,  the  Desalting 
Complex  Unit.  Contracts  for  the  desalting  equipment  have 
been  awarded,  and  all  major  structures  except  the  desalting 
building  have  been  completed.  The  last  major  contract,  the 
$35,419,195  Pretreatment  Completion  Contract,  is  well 
underway.  Two  key  flag  dates  are  as  follows: 

1.  Completion  and  start-up  of  the  main  pretreatment  sys- 
tem - mid-1987.  We  estimate  about  18  months  to  fully 
shake  down  this  equipment. 
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2.  Completion  of  the  desalting  building  and  equipment 
installation  - 1988  and  1989. 

The  design  capacity  of  the  plant  is  96  Mgal/d,  although  only 
73  Mgal/d  is  initially  being  built.  Depending  on  the  pro- 
gress of  the  programs  to  reduce  irrigation  return  flows  (the 
feedwater  for  the  plant),  more  capacity  can  be  added  if 
needed.  The  total  program  cost  for  the  Desalting  Complex 
Unit,  which  includes  the  Yuma  Desalting  Plant,  is 
$347,800,000.  At  73  Mgal/d,  the  desalting  plant  will  salvag 
up  to  80,000  acre-feet  of  water  per  year. 

At  this  time.  Title  I overall  is  about  60  percent  complete, 
based  on  a present  expenditure  of  $265,500,000.  With  the 
award  of  the  completion  contract,  the  last  major  milestone 
was  passed  and  we  can  see  the  end  of  this  large  and  complex 
project . 

USDA's  involvement  in  Title  I relates  specifically  to  onfarm 
treatments  and  water  management  improvements  in  the  WMIDD 
( Wellton-Mohawk  Irrigation  and  Drainage  District)  in  Yuma, 
Arizona.  Any  reduction  of  drainage  return  flows  would 
reduce  the  demands  and  costs  of  operating  the  desalting 
plant.  By  improving  irrigation  efficiencies,  a reduction  of 
deep  percolation  into  ground  water  reduces  the  amount  of 
drainage  return  flows  leaving  the  65,000  acre  District. 

The  Wellton-Mohawk  onfarm  Federal  cost-sharing  program  was 
fully  funded  by  Reclamation.  Under  authority  of  a BR-SCS 
Title  I Memorandum  of  Agreement  (December  1974),  Reclamation 
reimbursed  SCS  for  cost-sharing  and  technical  assistance 
provided  to  individual  participants  through  long-term 
contracts.  The  initial  program  for  23,800  acres  was 
expanded  during  the  annual  renewal  of  the  agreement  in  1984 
to  48,000  acres. 

This  last  renewal  provided  that  all  SCS  contracting  would  be 
completed  by  September  30,  1985,  and  that  all  water  manage- 
ment and  salinity  control  land  treatment  practices  would  be 
installed  by  December  31,  1985. 

In  1985,  55  contracts  were  developed  and  signed  covering 
4,519  acres.  Practices  applied  included  31  miles  of  ditch 
lining,  4,822  acres  of  laser  land  leveling,  and  787  struc- 
tures for  water  control  and  measurement. 

The  SCS  designed  irrigation  systems  and  assisted  farmers  in 
their  installation  to  reduce  irrigation  return  flow.  As  of 
January  30,  1986,  366  contracts  had  been  developed  for 
assistance  on  48,195  acres,  which  exceeds  the  project  goals. 


Since  implementation  of  the  Colorado  River  salinity  program 
began  in  1975,  the  irrigation  return  flows  have  been  reduced 
about  half  or  approximately  100,000  acre-feet.  This  has 
been  accomplished  through  the  installation  of  over  1,386,000 
ft.  (262.6  miles)  of  concrete  ditch  linings,  44,724  acres  of 
land  leveling,  and  10,635  water  control  structures  in  addi- 
tion to  a concerted  effort  to  obtain  irrigation  water  man- 
agement ( IWM ) on  all  48,195  planned  acres.  There  remains 
112  active  contracts  covering  13,541  acres  for  which  addi- 
tional IWM  activity  will  be  carried  out  by  the  Wellton  Field 
Office  staff. 

All  construction  work  has  been  completed  and  all  payment 
applications  and  final  status  reviews  have  been  submitted 
during  this  final  year  of  implementation.  Federal  costs 
were  $2,426,879  while  local  individual  farmer  cost  was 
$808,960.  To  date  Federal  cost  for  installation  of  all  faci- 
lities has  been  $18,209,268. 


Title  II  Programs 


Bureau  of  Reclamation 


In  addition  to  construction  of  three  units  and  planning 
activities  on  12  units,  Reclamation  is  carrying  out  research 
programs  utilizing  expertise  in  the  Engineering  and  Research 
Center  on  such  activities  as  solar  salt  gradient  ponds,  ion 
exchange  softening,  and  use  of  saline  water  for  powerplant 
cooling.  Further  descriptions  of  the  research  activities 
are  in  another  section  of  this  report. 

Bureau  of  Land  Management 

The  present  salinity  efforts  of  the  Bureau  of  Land 
Management  ( BLM ) have  concentrated  on  the  identifications 
and  recommendations  for  control  of  significant  saline  source 
areas  on  public  lands.  BLM  has  developed  a resource  man- 
agement planning  system  that  is  multiple-use  oriented,  but 
emphasizes  solutions  to  specific  issues. 

Passage  of  amendments  to  the  Colorado  River  Bas ' n Salinity 
Control  Act  in  1984  required  BLM  to  develop  a comprehensive 
salinity  control  program,  and  to  report  to  Congress  and  the 
Colorado  River  Basin  Salinity  Control  Advisory  Council  con- 
cerning this  program.  Utilizing  the  planning  system,  saline 
source  areas  and  management  options  for  control  of  these 
sources  are  being  identified.  Watershed  activity  plans 
addressing  salinity  and  implementation  actions  will  be  con- 
ducted as  funds  permit. 
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The  watershed  practices  that  may  be  effective  in  salinity 
control  include  gully  plugs,  contour  furrowings,  pitting, 
ripping,  retention  and  detention  structures,  and  the  imple- 
mentation of  allotment  and  habitat  management  plans.  The 
cost  of  these  watershed  treatments  within  Grand  Valley, 
Colorado,  as  estimated  by  the  Soil  Conservation  Service,  is 
approximately  $30-40  per  ton  of  salt  removed.  BLM  feels 
that  these  salinity  control  projects,  with  secondary  bene- 
fits to  erosion  and  flood  control,  water  supply  for 
livestock  and  wildlife,  and/or  improved  forage  production, 
are  consistent  with  the  multiple-use  philosophy  of  BLM. 
Reports  identifying  potential  salinity  control  areas  have 
been  completed  for  eastern  Utah  and  the  Montrose,  Craig,  and 
Grand  Junction  Districts  in  Colorado. 

Several  activity  plans  have  been  completed  in  the  States  of 
Colorado,  Utah,  and  Wyoming.  Portions  of  these  plans  have 
been  implemented,  with  one,  Elephant  Skin  Wash  in  Colorado, 
being  fully  implemented  in  1985.  This  verification  project 
is  designed  to  prevent  approximately  600  tons  of  salt  from 
reaching  the  Colorado  River  annually  at  a cost  of  $29  per 
ton . 

In  addition  to  nonpoint-source  salinity  control,  BLM  has 
also  implemented  point-source  control  measures.  Point- 
source  control  measures  include  the  plugging  of  abandoned 
oil  and  gas  wells.  The  condition  of  two  plugged  saline 
flowing  wells  in  the  Piceance  Creek  Basin  were  monitored  in 
1985.  These  wells  originally  had  a flow  rate  of  90  gpm  with 
dissolved  solid  concentration  of  30,000  mg/L.  This  is  equal 
to  approximately  5,000  tons  of  salt  a year.  The  plugs  are 
still  in  place  with  no  seepage  to  the  creek. 

Geological  Survey 

Determination  of  the  overall  goals  and  accomplishments  of 
the  salinity  control  program  relies  heavily  on  streamflow 
and  dissolved-solids  data  from  key  sampling  stations  in  the 
Colorado  River  Basin.  Since  1984,  the  U.S.  Geological 
Survey  has  been  analyzing  the  available  data  in  order  to 
develop  a consistent,  accurate  data  base  for  salinity  stud- 
ies in  the  basin.  This  analysis  has  included  consolidating 
historical  records  and  studies,  extending  the  historical 
record  for  certain  stations,  and  generating  a natural  record 
of  dissolved-solids  discharge  which  would  have  occurred  if 
no  water-resource  development  existed  in  the  basin.  The 
natural  record  was  required  specifically  for  prediction  of 
future  salinity  using  the  U.S.  Bureau  of  Reclamation's 
river-basin  operations  model,  CRSS. 
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Specific  objectives  of  the  data-analys is  project  were: 

1.  Generate  annual  and  monthly  loads  and  concentrations 
of  dissolved  solids  and  the  major  constituents  for  all 
stations  with  adequate  record; 

2.  Determine  source  areas  of  dissolved  solids; 

3.  Determine  trends  in  streamflow,  dissolved  solids,  and 
the  major  constituents; 

4.  Identify  causes  of  trends  whenever  possible; 

5.  Develop  a method  for  calculating  natural  salt  load  at 
the  key  Reclamation  input  points  for  CRSS;  and 

6.  Develop  a technique  based  on  hydrologic,  hydraulic, 
and  statistical  principles  to  estimate  complete  monthly 
and  annual  dissolved  solids  load  data  sets  for  the  period 
1941-83,  at  12  of  the  20  stations  in  the  Colorado  River 
basin  which  have  varying  lengths  of  record. 

Department  of  Agriculture 

The  passage  of  Public  Law  98-569  provides  a separate  author- 
ity for  implementing  a basinwide  USDA  onfarm  program. 

Funds,  however,  have  not  yet  been  appropriated  for  the 
program.  Until  then,  as  prescribed  by  the  provisions  of 
Title  II  of  Public  Law  93-320,  USDA  will  continue  to  use 
existing  program  authorities. 

Planning . - Within  USDA,  planning  activities  are  a respon- 
sibility of  the  SCS.  Once  irrigated  agricultural  salt 
source  areas  have  been  identified,  SCS  undertakes  salinity 
control  studies  and  investigations  to  determine  the  extent 
and  severity  of  salt  source  loadings.  These  studies  and 
investigations  are  conducted  under  the  river  basin  authori- 
ties of  Section  6 of  Public  Law  83-566,  Watershed 
Protection  and  Flood  Prevention  Act.  These  studies  are 
fully  coordinated  with  Reclamation  activities  and  serve  as 
the  basis  for  detailed  project  implementation  plans. 

In  1985,  only  a minimal  planning  effort  was  undertaken  due 
to  limited  funding.  The  two  reports  released  in  1985  were 
the  Mancos  Valley,  published  in  September  1984,  and  the 
Colorado  River  Indian  Reservation,  published  in  May  1985. 

Implementation . - Current  implementation  activities  are 
concentrated  in  the  Uinta  Basin,  Utah,  and  the  Grand  Valley, 
Colorado.  Implementation  of  the  USDA  onfarm  program  is  the 
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responsibility  of  the  ASCS  and  SCS . Currently,  USDA  is 
relying  on  the  existing  program  authqrities  and  funding  for 
project  implementation.  The  ACP  (Agricultural  Conservation 
Program)  of  ASCS  is  providing  special  cost-share  funding  for 
water  management  and  salinity  control  practices.  SCS  is 
using  funds  allocated  through  their  ongoing  CTA 
(Conservation  Technical  Assistance)  program  to  provide  the 
necessary  technical  support  staff  to  plan  and  implement  the 
water  management  and  salinity  control  practices. 

The  current  implementation  schedule  is  controlled  by  annual 
appropriation  funding  levels.  While  USDA  developed  a modi- 
fied implementation  schedule  in  1982,  funding  has  only  sup- 
ported the  two  ongoing  projects.  Other  project 
implementation  starts  are  scheduled  to  be  phased  in  over  a 
period  of  years  as  program  funding  levels  increase. 

A new  implementation  schedule  was  formulated  as  a result  of 
new  legislation,  closer  coordination  with  Reclamation,  and 
inputs  from  the  Basin  States.  The  new  implementation  sched- 
ule is  based  upon  projected  salt  load  reduction  needs,  cost- 
effectiveness  analysis,  the  likelihood  of  Federal  funding, 
and  Basin  Fund  repayment  capability. 

Monitoring  and  Evaluation.  - Monitoring  and  evaluation 
( M&E ) of  the  accomplishments  of  USDA  actions  in  salinity 
control  has  a threefold  objective.  First  and  most  important 
is  to  develop  information  about  actual  (rather  than  planned) 
onfarm  effects  that  have  occurred  in  the  area.  This  infor- 
mation will  enable  farmers  to  make  informed  choices  about 
voluntary  implementation  of  salinity  control  practices.  The 
information  includes  cost  of  practices,  changes  in  water 
use,  labor  use,  and  other  farm  inputs,  and  finally,  observed 
changes  in  crop  yield  and  potential  changes  in  net  farm 
income.  The  second  purpose  is  to  enable  SCS  to  confirm  or 
correct  the  data  used  to  plan  salinity  control  projects  to 
do  a more  reliable  job  of  planning  other  projects.  The 
final  purpose  is  to  collect  data  to  be  used  to  evaluate  the 
overall  effectiveness  and  efficiency  of  USDA  salinity  con- 
trol activities  from  a program  standpoint. 

Although  continuing  to  be  hampered  by  shortage  of  staff  and 
funding,  SCS  M&E  activities  have  moved  ahead  sharply  during 
fiscal  year  1985.  In  the  Grand  Valley  Unit  in  Colorado,  16 
automated  irrigation  M&E  sites  are  now  operational,  and 
full-season  irrigation  data  have  been  collected  on  13 
fields.  Development  of  the  software  to  process  this  M&E 
data  proved  to  be  a much  larger  task  than  initially  esti- 
mated. Significant  progress  was  made  toward  developing  the 
needed  software,  but  additional  programming  time  will  be 
required . 
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On  the  Uinta  Basin  Unit  in  Utah,  ground  water  tubes  have 
been  installed  on  15  farms  and  efforts  will  begin  to  monitor 
ground  water  levels  using  neutron  probes.  Water  inflow  and 
outflow  measurements  on  these  farms  will  be  combined  with 
data  from  six  potential  evapotranspirat ion  sites  to  measure 
deep  percolation.  The  SCS  staff  is  also  working  with 
Cooperative  Extension  in  Utah  to  establish  and  monitor  pro- 
gress in  irrigation  water  management  on  four  farms. 

A plan  of  study  for  the  economics  M&E  effort  was  developed 
and  approved  for  the  Grand  Valley  Unit  and  a worksheet  to 
collect  farm  operations  data  was  developed,  field  tested, 
and  is  ready  for  the  staff  to  begin  collecting  data  regard- 
ing the  onfarm  effect  of  salinity  reduction  activities. 

Wildlife  habitat  M&E  efforts  have  been  strongly  pushed  dur- 
ing FY  1985.  Baseline  wildlife  habitat  conditions  have  been 
established  for  30  additional  sites  in  the  Uinta  Unit, 
bringing  the  total  sites  evaluated  to  60.  Microcomputer 
programs  have  also  been  developed  to  calculate  a habitat 
suitability  index  (HSI)  for  six  species  for  each  of  the 
sites.  These  programs  will  enable  the  ready  comparison  of 
site  habitat  condition  over  time.  On  the  Grand  Valley  Unit, 
a Wildlife  M&E  Annual  Report  for  FY  1984  was  prepared.  The 
report  gives  preliminary  data  regarding  changes  that  have 
occurred  in  wildlife  habitat  since  the  inception  of  the 
project . 

Extension  Education.  - Information  and  educational  support 
activities  for  the  CRWQIP  have  been  provided  through  the 
USDA  Federal  Extension  Service  and  the  State  CES 
(Cooperative  Extension  Service)  agencies.  Like  ASCS  and 
SCS,  the  Extension  Service  and  the  State  CES  agencies  have 
relied  on  existing  authorities  and  funding  mechanisms  to 
provide  the  extension  education  support.  Existing  extension 
staffs  such  as  Extension  Agents  and  Extension  Irrigation 
Water  Management  Specialists  have  provided  some  general 
levels  of  limited  education  support.  These  include  news- 
letters, water  management  workshops,  and  other  educational 
efforts  as  a part  of  their  ongoing  extension  education 
programs . 

A special  full-time  irrigation  extension  agent  in 
Grand  Valley  was  the  most  significant  extension  education 
support  in  recent  years.  Lack  of  funding  caused  termination 
of  the  position  in  1985.  This  sort  of  extension  education 
support  could  play  a valuable  and  important  role  in  project 
visibility,  local  understanding,  and  local  acceptance. 

Research  and  Demonstration.  - Research  and  demonstration 
activities  continue  to  be  important  to  the  development  of 
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new  technologies  and  improvement  of  water  management  prac- 
tices for  control  of  soil  and  water  salinity.  The  ARS  pro- 
vides national  leadership  for  salinity  related  research  and 
demonstration  activities.  In  addition,  the  Cooperative 
State  Research  Service  (CSRS)  and  State  Agricultural 
Experiment  Stations  (SAES)  provide  the  leadership  and  con- 
duct research  funded  from  Federal  and  State  sources. 

Agricultural  Research  Service.  - The  majority  of  the  ARS 
salinity  activities  are  conducted  at  the  U.S.  Salinity 
Laboratory  in  Riverside,  California;  the  U.S.  Water 
Conservation  Laboratory  in  Phoenix,  Arizona;  the 
Agricultural  Engineering  Research  Center  in  Ft.  Collins, 
Colorado;  and  the  Snake  River  Conservation  Research  Center 
at  Kimberly,  Idaho. 

Environmental  Protection  Agency 

EPA  has  responsibility  for  approving  revisions  to  water 
quality  standards  and  approved  the  triennial  reviews  adopted 
by  several  states  based  on  the  1984  Forum  standards  review. 
EPA  continues  to  encourage  the  Basin  States  to  develop  and 
implement  state  salinity  control  strategies. 

The  Forum  and  EPA  policy  encouraging  the  use  of  poorer  qual- 
ity water  or  saline  water  for  industrial  purposes  is  being 
supported  primarily  through  NEPA  (National  Environmental 
Policy  Act)  review  responsibilities.  Also,  through  the  NEPA 
review  process,  EPA  urges  the  identification  of  potential 
salinity  impacts  as  required  by  the  Council  on  Environmental 
Quality  regulations  (40  CFR  Parts  1500-1508)  for  imple- 
menting NEPA.  For  example,  EPA  has  commented  on  potential 
salinity  impacts  in  reviewing  environmental  statements  for 
grazing  and  land  management,  recreational  developments, 
mining,  timber  harvesting,  oil  development,  and  water 
development  projects. 

EPA  continues  to  work  with  Reclamation  on  the  underground 
injection  control  requirements  for  the  Paradox  Valley. 


Title  II  Units 

Big  Sandy  River  Unit  (Reclamation  and  USDA) 

The  Big  Sandy  River  Unit  is  located  in  southwestern  Wyoming, 
in  Sweetwater  County.  The  Big  Sandy  River  begins  in  the 
Wind  River  Mountains  where  the  water  quality  is  good.  Below 
Big  Sandy  Dam,  the  river  is  diverted  to  irrigate  the  Eden 
Project.  Return  flows  from  the  irrigated  area  and  small 
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stream  tributaries  make  up  the  flows  of  the  lower  Big  Sandy 
River . 

Drilling  investigations  have  shown  that  the  shallow  aquifers 
near  the  river  are  the  source  of  saline  seeps.  Saline  seeps 
and  springs  below  the  Eden  Project  contribute  an  estimated 
116,000  tons  of  salt.  Along  with  other  tributaries,  a total 
of  approximately  164,000  tons  of  salt  is  contributed 
annually  to  the  Green  River.  Test  well  pumping  indicates 
that  the  saline  water  could  be  intercepted  before  seeping 
into  the  river. 

Additional  studies  were  undertaken  in  the  off-farm  portion 
of  the  irrigated  area  of  the  Eden  Project.  Studies  showed 
that  lining  some  currently  unlined  canals  in  the  Eden 
Project  area  could  be  a cost-effective  solution  to  reducing 
salt  in  the  Big  Sandy  River.  The  SCS  completed  a separate 
on-farm  salinity  control  draft  report  in  early  calendar  year 
1986.  The  report  recommends  converting  the  existing  gravity 
irrigation  systems  to  low-head  sprinkler  irrigation  systems. 
A combination  of  a lined  delivery  system  and  an  onfarm 
sprinkler  irrigation  system  could  possibly  achieve  maximum 
benefits . 

Ongoing  studies  are  focused  on  the  selective  lining  alter- 
native. Field  verification  of  canal  seepage  rates  were 
completed  in  the  summer  of  1986.  Results  will  help  deter- 
mine the  cost  effectiveness  and  will  be  documented  in  a 
plan  formulation  working  document  in  early  1987.  The  State 
of  Wyoming  has  been  involved  in  the  study  from  the  begin- 
ning and  has  provided  information,  guidance,  and  funds.  It 
has  also  supported  further  funding  for  advance  planning 
activities . 

A low  pressure  sprinkler  system  alternative  appears  to  be 
cost  effective  for  the  15,000  acre  irrigation  salt  source 
area  if  supplemental,  low  interest  loans  and  cost  sharing  at 
the  70  percent  level  were  obtained.  The  State  of  Wyoming 
supports  this  USDA  low  pressure  sprinkler  alternative  and 
has  requested  SCS  to  proceed  with  development  of  a selected 
plan . 

The  State  of  Wyoming  has  also  requested  Reclamation  to 
refine  the  salt  and  water  budget  related  to  selected  lining 
of  canals  and  laterals  in  the  Eden-Farson  area.  Planning 
will  be  targeted  toward  selected  lining  of  unlined  segments 
of  the  canal  and  lateral  system. 

The  combination  of  improved  off-farm  delivery  systems  and 
onfarm  irrigation  efficiency  allows  SCS  to  recommend  low 
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pressure  sprinkler  systems  for  onfarm  salinity  program  ele- 
ments. 

Blue  Springs  Unit  (Reclamation) 

The  Blue  Springs  Unit  area  is  located  on  the  Little  Colorado 
River  within  the  Navajo  Indian  Reservation  in  north-central 
Arizona.  The  springs  contribute  an  average  of  160,000  acre- 
feet  per  year  which  have  a collective  salinity  of  2,500  mg/L 
and  a total  salt  load  of  about  550,000  tons  per  year. 

A full-scale  feasibility  study  of  the  project  is  not  planned 
due  to  the  high  capital  cost  of  building  the  project  and 
environmental  problems  resulting  from  the  significant  his- 
torical and  religious  value  of  the  area  to  the  Hopi  Indians. 

Colorado  River  Indian  Reservation  Unit  (Reclamation  and  USDA) 


The  Colorado  River  Indian  Reservation  has  a total  of  268,850 
acres  located  in  the  lower  Colorado  River  Basin  below  Parker 
Dam  in  northern  Yuma  County,  Arizona,  and  the  eastern  part 
of  the  San  Bernadino  and  Riverside  Counties,  California. 

The  purpose  of  Reclamation's  Colorado  River  Indian 
Reservation  Unit  investigation  was  to  formulate  a plan  to 
reduce  the  salt  loading  to  the  Colorado  River  from  irriga- 
tion on  the  reservation.  An  analysis  of  the  diversions  to 
and  drainage  from  the  reservation  indicated  that  the  reser- 
vation did  not  make  a net  salt  contribution  to  the  river. 
Consequently  the  investigation  was  terminated,  and  a 
Concluding  Report  was  released  in  October  1979  to  present 
the  studies  performed. 

A Cooperative  River  Basin  Study  has  been  completed  by  USDA 
on  the  Colorado  River  Indian  Reservation.  Data  available 
from  this  study  support  the  hypothesis  that  a minimal  amount 
of  salt  is  picked  up  on  the  Reservation  and  that  long-term 
benefits  of  better  irrigation  systems  and  practices  appear 
to  have  a relatively  small  effect  on  downstream  salinity. 

The  final  USDA  report  on  the  study,  Water  Conservation  and 
Resource  Development,  Colorado  River  Indian  Reservation, 
which  did  not  identify  a recommended  plan,  was  recently  pub- 
lished and  distributed  under  authority  of  Section  6 of  the 
Watershed  Protection  and  Flood  Prevention  Act  (Public  Law 
83-566) . 

Dirty  Devil  River  Unit  (Reclamation) 

The  Dirty  Devil  River  Unit  is  located  in  Emery  and  Wayne 
Counties  in  southern  Utah.  The  study  area  includes  the 
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Muddy  Creek,  Fremont  River,  Dirty  Devil  River,  and  the  tri- 
butaries of  Muddy  Creek,  Salt  Wash,  and  South  Salt  Wash.  The 
Dirty  Devil  River  drainage  contributes  approximately  150,000 
tons  each  year  to  the  Colorado  River.  The  Muddy  Creek 
contributes  the  most  salt,  an  average  of  86,000  tons  of  salt 
annually.  No  significant  sources  of  salt  or  potential 
alternatives  were  identified  on  the  Fremont  River  or  its 
tributaries.  Approximately  28  percent  of  the  Muddy  Creek 
salt  load,  24,200  tons  per  year,  comes  from  springs  in 
Hanksville  Salt  Wash  and  Emery  South  Salt  Wash. 

The  unit  would  be  designed  to  reduce  the  salinity  of  the 
Dirty  Devil  and  Colorado  Rivers  by  collecting  saline  spring 
water  in  Hanksville  Salt  Wash  and  Emery  South  Salt  Wash  and 
disposing  of  it  by  deep-well  injection.  Collection  would  be 
accomplished  by  pumping  surface  and  alluvial  water  from 
shallow  wells.  This  water  would  be  filtered  and  chemically 
stabilized,  after  which  it  would  be  injected  into  deeply 
buried  geologic  formation,  the  Coconino  Sandstone,  where  it 
would  be  stored  indefinitely,  isolated  from  any  fresh-water 
aquifer  now  in  use.  This  means  of  disposal  would  reduce  the 
salt  contribution  to  the  Colorado  River  by  20,900  tons 
annually.  The  only  alternative  to  the  recommended  plan  is 
no  action. 

The  Preliminary  Findings  Report  was  completed  in  1983,  the 
Plan  Formulation  Working  Document  in  1984,  and  the  Field 
Draft  Planning  Report/Environmental  Compliance  Document  in 
1985.  The  field  review  was  completed  in  May  1986,  and  the 
Draft  Planning  Report/Environmental  Compliance  Document  was 
sent  to  Washington  and  the  E&R  Center  in  July  1986. 

Since  the  State  of  Utah  will  not  grant  a water  right  for  the 
unit  because  deep-well  injection  is  not  considered  a benefi- 
cial use  of  water,  the  unit  will  not  continue  into  advance 
planning . 

Glenwood-Dotsero  Springs  Unit  (Reclamation) 

The  Glenwood-Dotsero  Springs  Unit  is  located  along  the 
Colorado  River  in  Eagle,  Garfield,  and  Mesa  Counties  in 
west-central  Colorado.  Combined  discharges  annually  con- 
tribute approximately  25,000  acre-feet  of  water  containing 
about  440,000  tons  of  salt,  mostly  sodium  chloride.  About 
half  of  the  salt  contribution  comes  from  20  surface  springs. 
Twelve  of  these  springs  are  clustered  near  the  town  of 
Glenwood  Springs,  and  eight  are  grouped  about  2.5  miles 
downstream  from  Dotsero.  The  remainder  of  the  salt  enters 
through  springs  in  the  stream  gravels,  diffuse  seeps,  and  to 
a small  extent,  surface  runoff.  Several  of  the  springs  in 
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Glenwood  Springs  have  been  developed  for  bathing  and  thera 
peutic  purposes. 

The  recommended  plan  consists  of  collecting  both  surface  and 
subsurface  salt  water  at  Dotsero,  transporting  it  in  a gra- 
vity flow  pressure  line  to  Glenwood  Springs  where  additional 
surface  and  subsurface  salt  water  would  be  collected  and 
added  to  the  Dotsero  salt  water.  The  water  would  then  be 
piped  through  a gravity  pressure  line  to  evaporation  ponds 
at  the  Colorado-Utah  border. 

The  current  plan  is  not  as  cost  effective  as  other  units 
being  implemented  and,  under  Colorado  water  law,  evaporation 
is  not  considered  a beneficial  use  of  water.  A planning 
report  concluding  the  study  was  completed  in  February  1986. 
Other  alternatives  are  being  considered  which  involve  a 
beneficial  use  of  the  saline  water. 

Grand  Valley  Unit  (Reclamation  and  USDA) 

The  Grand  Valley  Unit  is  located  in  western  Mesa  County  in 
west-central  Colorado.  For  the  most  part,  the  unit  area 
includes  the  entire  irrigated  portion  of  the  Grand  Valley 
consisting  of  about  71,000  acres  and  involving  about  200 
miles  of  canals  and  about  500  miles  of  laterals. 

The  Grand  Valley  is  estimated  to  contribute  an  average  of 
about  580,000  tons  of  salt  annually  to  the  Colorado  River. 
Most  of  these  salts  are  leached  from  the  soil  and  underlying 
Mancos  Formation  by  ground  water  that  receives  its  recharge 
from  canal,  lateral,  and  on-farm  seepage. 

In  May  1983,  the  recommended  plan  was  selected  for  Stage 
Two.  The  plan  provides  for  replacing  existing  open  earth 
laterals  with  buried  pipe  and  lining  three  reaches  of  the 
Government  Highline  Canal  with  membrane  liners.  Construc- 
tion of  the  west  end  of  the  canal  is  scheduled  to  begin  in 
the  fall  of  1986  and  construction  of  the  west  end  portion  of 
the  Government  Highline  Canal  laterals  is  scheduled  to  begin 
in  fiscal  year  1988.  The  remaining  lateral  systems  will  be 
implemented  approximately  in  order  of  cost  effectiveness, 
with  construction  concluding  about  the  year  2005.  The 
supplement  to  the  definite  plan  report  and  the  final 
environmental  impact  statement  was  filed  with  the 
Environmental  Protection  Agency  May  23,  1986. 

USDA's  onfarm  and  off-farm  lateral  improvements  in  Stage  One 
and  Stage  Two  Grand  Valley  have  been  accomplished  primarily 
through  the  annual  practice  cost-share  provision  of  the 
ASCS's  ACP  program.  Onfarm  pipeline  and  ditch  lining 
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installed  during  calendar  year  1985  was  135,944  feet  and 
18,148  feet  respectively.  Total  onfarm  pipeline  and  ditch 
lining  accomplishments  thus  far  are  approximately  141  miles 
of  pipelines  and  41  miles  of  ditch  lining.  Combined,  these 
accomplishments  represent  about  27  percent  of  the  total 
Grand  Valley  project  goal. 

USDA's  off-farm  lateral  improvements  for  calendar  year  1985 
consisted  of  18,717  feet  of  pipeline  improvements  and  2,956 
feet  of  ditch  lining.  Cumulative  off-farm  lateral 
accomplishments  for  the  project  are  37.1  miles  of  pipelines 
and  11.4  miles  of  ditch  lining,  representing  25.5  percent  of 
USDA's  overall  project  goals. 

USDA's  onfarm  seepage  or  deep  percolation  reductions  from 
all  treatments  to  date  are  estimated  to  be  4,159  acre-feet 
per  year  for  an  average  salt  load  reduction  of  20,675  tons 
per  year.  Off-farm  lateral  seepage  reductions  from  all 
treatments  to  date  are  2,281  acre-feet  per  year  for  11,470 
tons  of  salt  load  reductions  per  year.  Total  seepage/deep 
percolation  reductions  are  6,439  acre-feet  through  calendar 
year  1985  for  a 32,145  tons  per  year  salt  load  reduction 
from  USDA  activities  in  both  Stage  One  and  Stage  Two. 

La  Verkin  Springs  Unit  (Reclamation) 

During  the  past  20  years  the  La  Verkin  Springs  Project  has 
been  studied  extensively  with  several  reports  being  pro- 
duced. The  latest,  a Preliminary  Findings  Report  recom- 
mending the  study  be  discontinued  because  of  poor  cost 
effectiveness,  was  submitted  to  the  Office  of  the 
Commissioner  in  January  1984.  The  Salinity  Control  Forum 
and  the  Office  of  the  Commissioner  have  concurred  with  the 
recommendation.  The  Preliminary  Findings  Report  recom- 
mending discontinuance  of  the  study  was  released  in  August 
1984  . 

Las  Vegas  Wash  Unit  (Reclamation) 

Las  Vegas  Wash  (Wash)  is  a natural  drainage  channel  provid- 
ing the  only  surface  water  outlet  for  the  entire  2,193 
square  miles  of  Las  Vegas  Valley.  A drainage  area  of  1,586 
square  miles  directly  contributes  to  the  Wash  which  conveys 
storm  runoff  and  waste  water  to  Las  Vegas  Bay,  an  arm  of 
Lake  Mead. 

One  alternative  salinity  control  strategy  would  be  to  pre- 
vent seepage  of  waste  water  and  minor  storm  runoff  by 
placing  it  in  a bypass  channel  running  parallel  to  the  Wash 
for  about  4 miles,  circumventing  salt  deposits  in  the  Wash 
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alluvium.  The  bypass  channel  has  been  viewed  by  some  local 
entities  as  being  in  conflict  with  nutrient  and  toxics 
control  and  wildlife  habitat  improvement  objectives.  A 
consensus  of  local  support  for  the  bypass  channel  does  not 
appear  obtainable  while  waste  water  treatment  issues  remain 
unresolved . 

The  seepage  prevention  strategy  for  salinity  control  is 
being  studied  in  the  Pittman  Verification  Program.  Once- 
through  cooling  water  is  now  diverted  from  unlined  ditches 
into  a pipeline.  Several  new  wells  in  the  Pittman  area  are 
being  used  to  monitor  ground  water  levels  and  quality.  The 
curtailment  of  seepage  from  the  unlined  ditches  is  expected 
to  cause  a drop  in  ground  water  levels  resulting  in  reduced 
saline  ground  water  inflow  to  the  Wash.  The  ground  water 
monitoring  is  planned  to  continue  through  fiscal  year  1987. 

A long-term  reduction  of  7,000  tons  per  year  is  expected  to 
be  realized  from  the  diversion  to  the  pipeline. 

A plan  is  being  developed  for  a second  program  to  test 
another  alternative  strategy  for  salinity  control.  Ground 
water  flow  reduction  may  be  accomplished  by  the  development 
of  a ground  water  detention  basin  system.  Each  detention 
basin  would  be  formed  by  a peripheral  slurry  trench/wall. 

One  large  basin  and  several  small  basins  would  be 
constructed  near  the  Whitney  area  (now  part  of  East  Las 
Vegas)  to  verify  the  feasibility  of  this  strategy.  If  a 
detention  basin  system  appears  feasible  after  2 years  of 
monitoring,  additional  large  basins  may  be  built.  The  con- 
struction of  ground  water  basins  may  accomplish  the  equiva- 
lent salinity  reduction  expected  from  the  bypass  channel  for 
the  same  cost  and  less  local  opposition. 

Lower  Gunnison  Basin  Unit  (Reclamation  and  USDA) 

The  Lower  Gunnison  Basin  Unit  is  located  in  the  Uncompahgre 
Valley  in  west-central  Colorado.  The  study  area  consists  of 
lands  irrigated  by  the  Uncompahgre  Project  along  the  lower 
reaches  of  the  Uncompahgre  River  in  Delta  and  Montrose 
Counties.  The  area  which  encompasses  the  communities  of 
Delta,  Montrose,  and  Olathe  are  principally  agricultural  and 
agribusiness  is  of  primary  importance  to  the  local  economy. 

The  recommended  plan  of  development  for  the  Lower  Gunnison 
Basin  Unit  consists  of  (1)  elimination  of  winter  water  flows 
in  the  irrigation  system,  with  replacement  through  the 
domestic  water  delivery  system,  and  (2)  concrete  lining  five 
separate  Uncompahgre  Project  canal  systems  east  of  the 
Uncompahgre  River. 
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The  winter  water  replacement  program  would  eliminate  seepage 
from  canals  and  laterals  during  the  winter  months.  At  the 
same  time,  it  would  allow  more  efficient  livestock  watering 
during  winter  with  no  resultant  salinity  impacts.  The  pro- 
gram could  reduce  annual  salt  loading  from  the  study  area 
by  about  80,000  tons.  Advance  planning  on  the  winter  water 
replacement  program  is  expected  to  be  completed  in  1987. 
Because  the  lining  of  the  canals  and  laterals  is  less  cost 
effective  than  other  salinity  control  measures  in  other 
units,  advance  planning  on  this  portion  of  the  plan  will  be 
conducted  after  more  cost-effective  measures  have  been 
implemented . 

The  1981  SCS  onfarm  report  outlines  an  implementation  plan 
that  is  compatible  with  the  Reclamation  plan.  Four  cost- 
effective  subareas  have  been  identified  for  high  priority 
implementation . 

Lower  Gunnison  Basin  Unit,  North  Fork  Area  (Reclamation) 


The  Lower  Gunnison  Basin  Unit-North  Fork  Area,  is  located  in 
west-central  Colorado  on  the  Gunnison  River  in  Delta  County. 
The  Gunnison  River  is  tributary  to  the  Colorado  River.  The 
unit  area  is  bounded  on  the  north  by  Grand  Mesa  National 
Forest,  on  the  east  by  Gunnison  National  Forest,  and  on  the 
south  and  west  by  the  Gunnison  River.  Major  communities  in 
the  study  area  include  Cedaredge,  Crawford,  Hotchkiss,  and 
Paonia . 

The  study  area  includes  about  67,750  acres  of  irrigated  land 
which  includes  farms,  ranches,  and  orchards.  A large  por- 
tion of  the  study  area  is  undeveloped  land  composed  of  soils 
derived  from  the  Mancos  Formation. 

Preliminary  salinity  control  concepts  to  be  considered  for 
this  study  include  selectively  lining  canals  and  laterals 
and  providing  piped  winter  stock  water  rather  than  operating 
canals  and  laterals  year-round.  Other  concepts  will  be  con- 
sidered as  the  investigation  proceeds. 

Water  quality  and  quantity  monitoring  in  surface  streams  is 
underway.  A contract  for  aerial  photography  was  completed 
during  the  fall  of  1984  providing  information  for  environ- 
mental, hydrosalinity,  and  engineering  studies.  A synoptic 
river  survey  will  be  conducted  and  a river  budget  completed 
during  the  summer  of  1986.  This  data  will  aid  in  iden- 
tifying the  highly  saline  areas  within  the  study  area  for 
more  detailed  study. 
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Lower  Virgin  River  Unit  (Reclamation) 


This  unit  is  located  along  the  Lower  Virgin  River  in 
northeastern  Clark  County,  Nevada,  and  northwestern  Mohave 
County,  Arizona.  The  unit  includes  natural  saline  ground 
water  averaging  2,400  to  3,400  mg/L  along  the  Virgin  River 
between  Riverside  and  Lake  Mead. 

Since  November  1981,  the  State  of  Nevada  and  a power  company 
have  been  interested  in  developing  the  saline  ground  waters 
of  the  Virgin  River  as  a source  for  powerplant  cooling 
water.  In  January  1984,  the  Bureau  of  Reclamation  reini- 
tiated the  Virgin  River  Unit  Study  to  determine  if  a new 
water  supply  and  salinity  control  project  could  be 
constructed  on  the  Virgin  River.  The  project  needs  to 
locate  up  to  50,000  acre-feet  of  saline  water  that  can  be 
used  as  powerplant  cooling  water. 

Mancos  Valley  Unit  (USDA) 

This  unit  has  met  the  prerequisite  for  construction  and  is 
awaiting  funding.  The  Mancos  Valley  unit  is  a 9,200  acre 
irrigated  area  along  the  Mancos  River,  a tributary  to  the 
San  Juan  River.  The  report.  Irrigation  Improvements  for 
Mancos  Valley,  was  completed  in  1985. 

The  recommended  implementation  plan  includes  3,200  acres  of 
sprinkler  systems  and  other  water  management/salinity  con- 
trol treatment  on  about  5,500  total  acres.  About  17  miles 
of  canal  and  lateral  lining  would  combine  many  old  earthen 
laterals.  Total  salt  load  reductions  are  estimated  to  be 
8,800  tons  per  year  with  about  7,700  tons  resulting  from 
lateral  improvements.  About  57  landowners  and  15  lateral 
companies  or  groups  of  landowners  would  be  involved. 

McElmo  Creek  Unit  - Dolores  Project  (Reclamation  and  USDA) 

The  McElmo  Creek  Basin  is  located  in  southwestern  Colorado 
and  covers  approximately  720  square  miles.  About  150  square 
miles  of  the  basin,  mostly  in  the  east,  are  agricultural 
land.  Early  studies  in  the  area  show  that  salt  loading 
results  from  both  irrigation  sources  and  diffuse  sources, 
with  irrigation  being  the  main  contributor. 

Through  a Multiple  Objective  Planning  Process  and  Public 
Involvement  Program,  several  alternatives  were  proposed  to 
reduce  salinity.  The  Reclamation  recommended  plan  is  to 
line  three  sections  of  Montezuma  Valley  Irrigation  Company 
canals— two  on  the  Lone  Pine  Lateral  and  one  on  the  Upper 
Hermana  Lateral — and  to  install  laterals  from  the  proposed 
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Towaoc-Highl ine  Canal  (a  Dolores  Project  feature)  to  serve 
the  Rocky  Ford  Ditch  Service  area.  The  Rocky  Ford  Ditch 
would  then  be  abandoned  as  part  of  the  plan,  and  its  flows 
would  be  combined  into  the  proposed  Towaoc-Highl ine  Canal. 
The  plan  will  reduce  ground  water  seepage  from  canals  by 
4,060  acre-feet  a year  and  reduce  the  amount  of  salt 
returned  to  McElmo  Creek. 

Portions  of  the  McElmo  Creek  Unit  have  been  authorized  for 
construction  as  part  of  the  Dolores  Project,  a participating 
project  of  the  Colorado  River  Storage  Project.  Included  are 
seepage  control  from  the  Towaoc-Highl ine  Combined  Canal, 
Rocky  Ford  laterals,  Lone  Pine  Lateral,  and  the  Upper 
Hermana  Lateral. 

The  McElmo  Creek  USDA  salinity  control  report  was  published 
in  1983.  The  recommended  implementation  plans  call  for 
treatment  of  about  19,700  acres  with  sprinkler  irrigation 
systems  (10,400  acres  gravity  and  9,300  acres  pumped)  and 
about  270  miles  of  onfarm  ditch  and  lateral  lining. 

By  combining  the  DOI  Dolores  Project  and  the  McElmo  Creek 
salinity  project,  the  more  efficient  gravity  pressure 
sprinkler  systems  can  be  installed  to  an  additional  9,000 
acres  over  the  original  USDA  implementation  plan.  The  DOI 
and  USDA  projects  are  fully  compatible;  however,  a fully 
coordinated  effort  has  been  initiated  so  the  design  and 
implementation  of  DOI  delivery  and  distribution  systems  com- 
plement the  design  and  installation  of  onfarm  systems.  A 
reevaluation  of  the  USDA  implementation  schedule  is  underway 
to  allow  for  coordinated  onfarm  and  off-farm  planning. 

Meeker  Dome  Unit  (Reclamation) 


Meeker  Dome,  the  site  of  several  abandoned  oil  and  gas 
exploratory  wells,  is  a local  anticlinal  uplift  in  north- 
western Colorado,  3 miles  east  of  the  town  of  Meeker  and  on 
the  right  bank  of  the  White  River. 

During  verification  studies,  the  abandoned  Scott,  James,  and 
Marland  oil  wells  were  cleaned  and  plugged.  At  the  end  of 
fiscal  year  1985,  monitoring  of  seeps  and  wells  was  ter- 
minated. Water  levels  in  the  observation  wells  had  stabi- 
lized and  springs  and  seeps  remained  dry  or  filled  with 
standing  water  indicating  the  well  plugs  remained  intact. 

The  estimated  cost  effectiveness  of  this  19,000  tons  reduc- 
tion is  $14  per  ton.  A planning  report  concluding  the 
Meeker  Dome  Unit  study  was  published  July  1985. 
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Moapa  Valley  Unit  (USDA) 


The  project  covers  a 5,000  acre  irrigated  area  on  Muddy 
River  upstream  of  Lake  Mead.  The  project  includes  instal- 
lation of  17  miles  of  underground  piped  delivery  system, 
onfarm  water  management,  and  salinity  control  practices. 

By  reducing  over irrigation  and  excessive  deep  percolation, 
it  is  estimated  average  annual  salt  load  reductions  to  the 
Colorado  River  system  will  be  19,200  tons.  This  unit  has 
met  the  prerequisite  for  construction  and  is  awaiting 
funding.  SCS  published  its  report  on  Moapa  Valley  in 
February  1981. 

Palo  Verde  Irrigation  District  (Reclamation  and  USDA) 

The  Palo  Verde  Irrigation  District  is  a privately  developed 
district  located  in  Riverside  and  Imperial  Counties, 
California.  Water  for  irrigation  is  diverted  from  the 
Colorado  River  at  the  Palo  Verde  Diversion  Dam  and  is  con- 
veyed through  295  miles  of  main  canals  and  laterals  to  serve 
approximately  91,400  acres  of  irrigated  land  within  the 
district.  The  irrigation  return  flows  are  collected  in  a 
153-mile  drainage  system  and  returned  to  the  Colorado 
River;  however,  the  return  flows  are  located  below  many  of 
the  areas  impacted  by  salinity  and  would  not  have  the  full 
benefits  of  an  upstream  project. 

An  analysis  based  on  1974  operational  data  indicated  that 
the  914,000  acre-feet  diverted  contained  945,000  tons  of 
salt  and  that  467,000  acre-feet  of  return  flows  to  the  river 
contained  1,097,000  tons  of  salt.  The  difference  of  152,000 
tons  of  salt  was  the  net  discharge  to  the  river.  For  analy- 
sis the  district  was  divided  into  seven  subareas,  which  were 
found  to  vary  greatly  in  their  salt  discharge. 

The  subarea  with  the  greatest  discharge  by  a substantial 
margin  is  the  Palo  Verde  subarea  in  the  southwestern  part  of 
the  district  which  discharged  144,000  tons.  This  subarea 
was  found  to  be  underlain  by  a sizable  body  of  saline  ground 
water  that  is  gradually  being  flushed  out  by  percolating 
irrigation  leaching  water  and  canal  seepage.  The  ground 
water  aquifer  subject  to  flushing  contains  an  estimated 
6.65  million  tons  of  salt,  which  is  expected  to  be  flushed 
out  gradually  by  deep  percolation  of  irrigation  water. 

The  rate  of  salt  discharged  is  theoretically  proportional  to 
the  amount  of  subsurface  drainage,  so  an  improvement  in 
water  use  efficiency  would  result  in  a reduction  in  annual 
salt  discharge.  The  present  on-farm  irrigation  efficiency 
in  the  Palo  Verde  subarea  is  estimated  to  be  approximately 
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42  percent.  The  unlined  water  distribution  system  also  con- 
tributes seepage  to  the  ground  water  system. 

In  1985,  SCS  and  Reclamation  formulated  a joint  plan  of 
study.  SCS  will  provide  Reclamation  with  onfarm,  onsite 
evaluations  and  analyses  relative  to  irrigation  efficien- 
cies, deep  percolation,  and  prospects  for  improved  onfarm 
management.  The  USDA  portion  of  the  evaluation,  however, 
has  not  yet  been  funded  pending  the  outcome  of  Reclamation's 
Phase  I work.  Reclamation  completed  the  shallow  well 
drilling  for  the  verification  program  in  May  1985  and  is 
sampling  the  test  wells. 

During  1987,  Reclamation  activities  will  complete  Phase  I 
work  in  developing  hydrosalinity  analysis  for  the  Palo  Verde 
Irrigation  District  Unit  to  determine  the  movements  of 
ground  water  and  source  of  salt  loadings.  The  study  will 
provide  information  for  Reclamation,  USDA,  and  the  Palo 
Verde  Irrigation  District  to  determine  salinity  control 
program  components  and  the  need  for  further  studies. 

Paradox  Valley  Unit  (Reclamation) 

Paradox  Valley,  a collapsed  salt  anticline,  is  a northwest- 
southeast  trending  valley  3 to  5 miles  wide  in  southwestern 
Colorado.  Geologic  investigations  in  the  Colorado  Plateau 
have  established  the  existence  of  a series  of  five  major 
northwest-southeast  trending  salt  anticlines  (elongated 
swells),  about  100  miles  long.  Paradox  Valley  lies  along 
the  axis  of  one  of  these  salt  anticlines  and  was  formed  from 
erosion  of  faulted  and  uplifted  sandstone  and  shale  forma- 
tions above  a residual  gypsum  cap  overlying  about  14,000 
feet  of  pure  salt  and  salt-rich  shale.  The  Dolores  River 
remained  in  its  ancient  streambed  as  the  uplift  and  erosion 
of  the  valley  developed. 

Ground  water  comes  into  contact  with  the  top  of  the  salt 
formation  where  it  becomes  nearly  saturated  with  sodium 
chloride  and  surfaces  in  the  Dolores  River  channel  in 
Paradox  Valley.  Studies  conducted  by  the  Bureau  of 
Reclamation  have  indicated  that  the  river  picks  up  over 
205,000  tons  of  salt  annually  as  it  passes  through  the 
valley . 

The  ongoing  testing  program  consists  of  verification  and 
refinement  of  controlling  brine  inflow  to  the  river,  design 
data  collection  for  future  facilities,  and  drilling  and 
testing  an  injection  well.  Reclamation  is  using  outside 
consultants  for  its  technical  assistance  on  deep  well 
injection.  A test  injection  well  will  be  constructed  to 
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determine  characteristics  of  the  disposal  formation.  Based 
on  these  characteristics,  the  required  number  and  location 
of  disposal  wells  will  be  determined,  well  design  will  be 
completed,  and  required  surface  facilities  will  be  deter- 
mined. After  analyzing  the  total  required  facilities  and 
projected  operation,  maintenance,  and  replacement  costs,  a 
final  decision  on  whether  or  not  to  use  deep  well  brine 
disposal  will  be  made. 

The  injection  well  will  be  drilled  and  tested  in  1987.  When 
positive  test  results  are  obtained,  the  original  Definite 
Plan  Report  will  be  amended,  and  the  National  Environmental 
Policy  Act  (NEPA)  requirements  will  be  fulfilled.  The  con- 
structing of  permanent  facilities  will  then  follow  the 
approval  of  the  amended  plan.  Construction  should  be  com- 
pleted by  1989. 

Conditional  water  rights  were  obtained  from  the  State  of 
Colorado,  and  the  State  has  approved  pumping  and  well  test- 
ing as  stipulated  in  existing  well  permits.  Reclamation 
will  apply  for  permanent  water  rights  when  an  actual  benefi- 
cial use,  the  improvement  of  water  quality  in  the  Dolores 
River  for  downstream  water  users,  is  achieved. 

Price-San  Rafael  Rivers  Unit  (Reclamation  and  USDA) 

The  Price-San  Rafael  Rivers  Unit  is  located  in  east-central 
Utah,  120  miles  southeast  of  Salt  Lake  City,  encompassing 
Carbon  and  Emery  Counties.  U.S.  Highway  50  is  a major 
north-south  road  in  the  area  passing  through  Price  and  Green 
River,  Utah.  Both  the  Price  and  San  Rafael  Rivers  drain 
into  the  Colorado  River  via  the  Green  River. 

The  Irrigation  Systems  Improvement  Alternative  had  been 
selected  as  the  preferred  plan.  The  plan  was  to  consist  of 
two  components--lining  canals  with  the  highest  amount  of 
leakage  and  lining  stockwater  ponds  to  improve  winter  water- 
ing practices.  However,  field  verification  tests  conducted 
during  November  1984  indicated  that  the  canal  seepage  is  not 
as  great  as  expected.  Consequently,  the  canal  lining  com- 
ponent of  the  plan  was  deleted. 

Reclamation  and  SCS  are  looking  at  new  combined  alternatives 
that  would  include  placement  of  laterals  in  pipe  and  a com- 
bination of  the  laterals  with  the  gravity  sprinkler  irriga- 
tion systems.  SCS  and  Reclamation  are  evaluating  potential 
for  a joint  and  fully  coordinated  salinity  project  which  may 
result  in  SCS-BR  reports  on  two  subareas. 
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USDA  has  participated  in  public  meetings  to  discuss  onfarm 
salinity  program  and  has  kept  the  local  sponsors  informed  on 
opportunities  for  funding  and  technical  assistance. 

Saline  Water  Use  and  Disposal  Opportunities  Unit 
( Reclamation ) 


Powerplant  Cooling.  - Installation  of  a test  loop  for  saline 
water  cooling  has  been  completed  at  the  Etiwanda  Power  Plant 
near  Ontario,  California.  The  selected  hardware  will  be 
evaluated  under  actual  field  conditions  to  verify  technical 
performance  and  operation.  A parallel  study  of  the  eco- 
nomic impacts  of  the  test  loop  and  selected  hardware  is  also 
underway.  The  economic  study  is  tailored  after  previous 
studies  completed  at  Hunter  and  Jim  Bridger  powerplants . An 
earlier  contract  study  of  saline  water  use  in  Jim  Bridger 
Power  Plant  found  that  by  using  side-stream  softeners  and 
disposal  ponds,  about  8,000  acre-feet  per  year  of  Big  Sandy 
River  water  could  be  used.  Total  in-plant  costs  were  about 
$70  per  ton.  However,  when  the  costs  of  well  construction 
features  and  pipeline  costs  were  included,  the  total 
increased  to  between  $146  to  $152  per  ton.  These  costs 
were  not  competitive  with  other  salinity  control  units. 

A letter  of  agreement  for  cost  sharing  the  hardware  study 
has  been  extended  to  December  1986.  Cost  sharing  for  the 
program  is  provided  by  Reclamation,  EPA,  State  of 
California,  Sephton  Water  Technology,  Pacific  Gas  and 
Electric,  and  Southern  California  Edison. 

Under  an  existing  Basic  Agreement  with  Consultant  Jack 
Laughlin,  a final  study  contract  is  examining  the  technical 
and  economic  feasibility  of  using  Lower  Virgin  River  Water 
at  the  proposed  1000  MW  Harry  Allen  Power  Plant  near  Las 
Vegas,  Nevada.  The  study  will  establish  the  in-plant  costs 
of  using  brackish  water  from  the  Lower  Virgin  River  as  com- 
pared to  alternative  supplies.  Opportunities  for  cost 
sharing  further  studies  and  construction  of  a water  supply 
system  for  the  proposed  (1995)  powerplant  will  be  pursued 
with  Nevada  Power  Company.  Test  results  from  the  Etiwanda 
study  will  be  incorporated  into  the  process  concepts  pro- 
posed for  the  Harry  Allen  Plant. 

Aquaculture . - International  Bio  Resources,  Inc.  and  Denver 
Engineering  Corporation  completed  a contract  study  for  the 
use  of  a Salt  Tolerant  Emergent  Plant  (STEP)  process  to 
beneficially  use,  concentrate,  and  dispose  of  saline  water. 
Economics  of  the  STEP  process  were  applied  to  the 
Glenwood-Dotsero  Springs  Unit.  Although  unit  costs  under 
$100/ton  were  claimed  in  the  study,  technical  issues  related 
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to  production  rate,  evaporation  rate/  forage  value,  etc., 
could  not  be  addressed  due  to  lack  of  field  experience. 
Moreover,  remaining  questions  related  to  "beneficial  use" 
and  water  rights  of  Glenwood  Springs,  coupled  with  lack  of 
government  funding  for  continued  research,  have  halted  the 
study  effort. 

San  Juan  River  Unit  (Reclamation) 


The  San  Juan  River  Unit  investigations  began  in  November 
1985  with  the  objectives  of  locating  salt  sources  and  iden- 
tifying control  methods.  The  study  area  includes  the  entire 
23,000  square  mile  watershed  from  its  headwaters  in  south- 
central  Colorado  to  its  mouth  at  Lake  Powell.  The  drainage 
contributes  approximately  one  million  tons  of  salt  annually 
to  the  Colorado  River  Basin.  Early  reconnaissance  shows 
significant  salt  loading  in  the  river  between  Shiprock,  New 
Mexico,  and  the  Four  Corners.  At  Bluff,  Utah,  the  annual 
flow  of  2,047,000  acre-feet  of  water  contains  1,165,000  tons 
of  salt.  About  18  percent  of  this  salt  loading  occurs  bet- 
ween Shiprock  and  Bluff  but  only  7 percent  of  the  water  is 
added  in  this  reach. 

The  study  area  was  broken  into  about  20  sub-watersheds  and 
geographic  areas.  Since  November  1985,  water  quality  sam- 
pling and  flow  measurements  throughout  these  subbasins  have 
been  made  to  gain  an  understanding  of  salinity  mechanisms. 
The  study  area  covers  many  thousands  of  square  miles  of 
natural  resource  lands  as  well  as  agricultural,  municipal 
and  industrial  areas  which  may  contribute  controllable  salt. 
Most  of  the  natural  source  of  salt  is  contributed  by  surface 
runoff  and  ground  water  discharge  from  the  Nacimiento 
Formation  and  Mancos  Shale.  Many  thousands  of  acres  of 
vegetation,  along  the  streams  and  washes,  worsen  the  condi- 
tions by  concentrating  the  salts.  Irrigation  projects, 
coal-fired  powerplants,  surface  mining  operations,  oil  & 
gas  fields,  and  refinery  operations  also  contribute  to  the 
salinity  problems. 

On  the  Hammond  Project,  Navajo  Indian  Irrigation  Project 
(NIIP),  and  the  Hogback  Irrigation  Project  (also  a Navajo 
Indian  project)  are  the  principal  irrigation  sources  of  salt 
in  the  basin.  Preliminary  canal  seepage  and  drainage 
investigations  have  been  made  on  the  Hammond  Project  and 
justify  the  need  for  more  detailed  testing.  Historic  flow 
and  water  quality  data  from  subsurface  drains  show  that  the 
irrigated  area  contributes  about  18,500  tons  salinity 
annually.  The  NIIP  irrigated  area  has  recently  started 
discharging  water  above  3000  mg/L,  mostly  in  the  Gallegos 
and  Ojo  Amarillo  Washes.  These  are  both  wide  and  deep  sandy 
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washes  and  the  drainage  water  could  be  collected  in  them  if 
disposal  or  industrial-use  alternatives  appear  feasible. 

The  Hogback  Project  contributes  heavy  salt  loading  but 
the  mechanisms  have  not  yet  been  explored.  Ground  water 
accruing  to  the  San  Juan  alluvium  in  this  vicinity  shows 
salinity  concentrations  of  over  15,000  mg/L.  Other  manmade 
salt  contributions  include  abandoned  gas  or  oil  wells  which 
have  developed  leaks  at  the  wellhead,  coolant  discharges 
from  powerplants,  and  waste  water  from  a petroleum  refinery. 

As  the  information  in  this  early  stage  of  investigation  is 
gathered,  potential  solutions  are  being  developed.  Costs 
for  lining  the  canals  in  the  area  are  being  estimated,  meth- 
ods of  controlling  the  salt  discharge  from  those  areas 
north  of  the  river  are  being  identified  and  potential  indus- 
trial users  will  be  contacted.  Environmental  and  other 
planning  considerations,  such  as  water  rights,  are  being 
evaluated.  The  conclusions  from  this  appraisal  of  the 
basin  will  be  made  by  the  fall  of  1986. 

If  at  least  one  cost-effective  and  acceptable  alternative 
can  be  identified,  the  study  will  continue  toward  iden- 
tifying the  best  plans  for  reducing  salinity  in  the  basin. 

A Planning  and  Environmental  Document  is  scheduled  for  the 
fall  of  1989. 

Sinbad  Valley  Unit  ( BLM  and  Reclamation) 

The  Sinbad  Valley  Unit  is  located  in  western  Colorado,  south 
of  the  town  of  Gateway.  Salt  Creek  drains  Sinbad  Valley  and 
has  been  identified  as  a point  source  of  saline  ground 
water  contributing  an  estimated  5,000  to  8,000  tons  per  year 
of  salts  to  the  Colorado  River  system.  Saline  ground  water 
discharge  from  the  Paradox  member  of  the  Hermosa  Formation 
and  overlying  alluvium  in  Sinbad  Valley  is  responsible  for 
high  concentrations  of  dissolved  solids,  primarily  sodium 
and  chloride,  in  Salt  Creek.  This  ground  water  is 
discharged  through  a series  of  springs  and  seeps  near  the 
mouth  of  Sinbad  Valley. 

The  BLM  initiated  a feasibility  report  for  the  interception 
and  disposal  of  these  saline  waters  during  fiscal  year  1982 
and  prepared  a report  on  Sinbad  Valley  in  April  1983.  This 
report  recommended  that  lead  responsibility  and  funding  be 
assumed  by  Reclamation. 

Six  appraisal  level  alternatives  for  the  Sinbad  Valley 
Salinity  Study  were  developed.  The  cost  effectiveness  of 
the  three  most  attractive  alternatives  ranged  from  $65  to 
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$69  per  ton  reduction.  Before  a preferred  alternative  can 
be  selected,  an  environmental  assessment  needs  to  be 
completed.  Sewemup  Mesa,  located  immediately  east  of  Sinbad 
Valley,  is  a wilderness  study  area  and  is  also  proposed  as 
an  Outstanding  Natural  Area  in  the  Resource  Management  Plan. 
The  area  has  high  visual  sensitivity,  both  onsite  and  along 
a powerline  alignment,  and  has  Peregrine  falcons  nesting  in 
it . 

The  Sinbad  Valley  feasibility  study  indicates  that  addi- 
tional information  is  needed  before  final  selection  can  be 
made  among  the  various  alternatives.  First,  additional  dis- 
charge and  conductivity  measurements  are  required  to  define 
salt  loads  of  high  flows.  Second,  onsite  evaporation  data 
are  needed  to  further  refine  the  sizing  of  evaporation 
ponds.  A pan  evaporation  station  should  be  established  and 
operated  in  Sinbad  Valley  for  at  least  one  year.  Third, 
the  abandoned  wildcat  well,  No.  1,  Sinbad  Unit,  should  be 
evaluated  for  injection  suitability.  Other  questions  which 
need  to  be  resolved  include  water  rights  and  the  com- 
patibility of  the  project  with  existing  land  uses. 


Uinta  Basin  Unit  (Reclamation  and  USDA) 

The  Uinta  Basin  Unit  is  located  in  northeastern  Utah.  The 
unit  area  includes  portions  of  Duchesne  and  Uintah  Counties 
and  is  situated  between  the  Uinta  Mountains  on  the  north  and 
the  Tavaputs  Plateau  on  the  south.  The  principal  communi- 
ties within  the  area  are  Duchesne,  Roosevelt,  and  Vernal. 

Phase  I.  - Uinta  Basin  Unit  alternatives  which  were  evaluated 
include  lining  irrigation  canals  and  laterals  to  reduce 
seepage  losses  and  thus  reduce  the  salt  load  carried  to  the 
Colorado  River;  collecting  saline  water  and  disposing  of  it 
through  deep-well  injection,  evaporation  ponds,  or  a 
desalting  plant;  using  saline  water  for  energy  development, 
transportation  of  coal  through  a coal-slurry  pipeline,  or 
cooling  purposes  at  a local  powerplant;  and  the  retirement 
from  irrigation  of  high-salt-contributing  lands.  As  deter- 
mined by  the  Bureau  of  Reclamation's  four  tests  of  viabi- 
lity (completeness,  effectiveness,  efficiency,  and  accept- 
ability), the  only  viable  alternative  is  canal  lining. 

Under  the  canal-lining  alternative,  55.5  miles  of  the  total 
of  about  240  miles  of  canals  and  laterals  in  the  Uinta  Basin 
would  be  lined  with  concrete.  Project  implementation  would 
reduce  the  salt  load  to  the  Colorado  River  by  an  estimated 
21,000  to  30,000  tons  per  year  and  reduce  canal  seepage  by 
about  16,800  acre-feet  per  year,  of  which  about  4,600  acre- 
feet  could  be  used  to  reduce  irrigation  shortages. 
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An  integrated  planning  report/draft  environmental  impact 
statement  on  the  unit  has  been  prepared  and  was  released  to 
to  the  public  on  April  25,  1986.  The  final  document  is 
scheduled  to  be  completed  and  filed  with  the  Environmental 
Protection  Agency  in  March  1987.  Design-data  collection  and 
other  advance-planning  activities  are  scheduled  to  begin  in 
October  1987.  Construction  of  the  unit  is  scheduled  to 
begin  in  fiscal  year  1990. 

Phase  II.  - Uinta  Basin  Unit  Phase  II  alternatives  which 
will  be  evaluated  include: 

1.  A joint  Bureau  of  Reclamation-Soil  Conservation 
Service  program  of  lining  canals  and  laterals  in  conjunc- 
tion with  onfarm  irrigation  system  improvements; 

2.  Lining  canals  and  laterals  not  considered  under  the 
phase  I study; 

3.  "Combining-and-lining , " that  is,  eliminating  a canal 
by  transferring  its  water  to  another  canal  which  would  be 
lined ; 

4.  Eliminating  winter  water  now  diverted  through  canal 
systems ; 

5.  Retiring  high-salt-contributing  lands  from  irriga- 
tion; and 

6.  Using  saline  water  for  industrial  purposes. 

A draft  plan  of  study  is  being  prepared  and  is  scheduled  to 
be  completed  and  approved  in  September  1986.  Planning  acti- 
vities are  scheduled  to  begin  in  October  1986,  with  a 
"preliminary  findings"  report  prepared  by  November  1987. 

To  date,  over  eighty  percent  of  the  Uinta  Basin  USDA  onfarm 
and  supportive  off-farm  salinity  control  improvements  have 
been  implemented  through  the  use  of  LTA's  (Long  Term 
Agreements).  More  than  ninety  percent  of  the  participants 
who  entered  into  LTA's  have  done  so  through  pooling  arrange- 
ments whereby  two  or  more  participants  develop  mutually 
beneficial  plans.  A major  emphasis  has  been  placed  on 
comprehensive  planning  and  LTA  preparation.  Participants 
are  assisted  in  implementing  a well-balanced  improvement 
program  of  structural  and  management  practices  that  address 
salinity  reduction  and  wildlife  habitat  enhancement. 

In  calendar  year  1985,  70  LTA's  were  authorized  for  imple- 
mentation. These  agreements,  when  completed,  will  minimize 
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salt  loading  impacts  from  3,368  acres  of  irrigated  cropland 
and  4,500  linear  feet  of  off-farm  irrigation  system 
laterals.  In  addition  to  practices  in  LTA's,  55  annual 
practices  were  installed  which  partially  treated  1,485  acres 
of  irrigated  cropland. 

At  the  of  end  1985,  salinity  program  participants  had 
achieved  irrigation  water  management  on  18,000  acres  and 
reduced  salt  loading  to  the  Colorado  River  by  an  estimated 
15,447  tons.  Treatment  of  23,169  linear  feet  of  off-farm 
laterals  has  reduced  salt  loading  by  an  additional  3,711 
tons.  Overall,  average  annual  salt  reduction  to  date  has 
been  19,158  tons.  Approximately  26  percent  of  project  funds 
have  been  obligated  and  approximately  19  percent  of  pro- 
jected salt  load  reduction  benefits  have  been  achieved. 

Virgin  Valley  Unit  (USDA) 

The  area  consists  of  about  5,000  acres  of  irrigated  land 
owned  by  about  50  individuals.  Four  irrigation  companies  or 
districts  would  also  be  involved  with  improvements  of  about 
6 miles  of  off-farm  canal  and  lateral  improvement.  Deep 
percolation  reduction  is  estimated  to  be  19,000  acre-feet 
per  year  and  salt  load  reductions  are  estimated  to  be  37,200 
tons  per  year. 

While  the  Virgin  Valley  is  independent  of  any  Reclamation 
salinity  control  project,  the  downstream  impacts  on 
Reclamation's  Lower  Virgin  River  Unit  are  to  be  evaluated  by 
Reclamation  and  SCS  collectively.  Otherwise,  this  unit  has 
met  the  prerequisite  for  construction  and  is  awaiting 
funding.  The  Virgin  Valley  report  was  published  in  March 
1982  . 


State  NPDES  Salinity  Discharge  Permitting 

The  States  of  the  Colorado  River  Basin,  the  Federal 
Executive  Department,  and  Congress  have  adopted  the  policy 
that  the  salinity  of  the  lower  main  stem  of  the  Colorado 
River  shall  be  maintained  at  or  below  the  flow-weighted 
average  values  found  during  1972  while  the  Basin  States  con- 
tinue to  develop  their  compact-apportioned  water.  The  flow- 
weighted  averages  are  referred  to  as  numeric  criteria  at 
three  downstream  stations — below  Hoover  Dam,  below  Parker 
Dam,  and  at  Imperial  Dam.  The  numeric  criteria  for  those 
three  stations  are  723  mg/L,  747  mg/L,  and  879  mg/L,  respec- 
tively. 

Although  the  numeric  criteria  have  not  been  exceeded  since 
the  Forum  adopted  its  policy,  it  is  anticipated  that  without 
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salinity  control  measures,  as  tire  States  continue  to  develop 
their  compact-apportioned  water  supply,  the  criteria  will  be 
exceeded.  Therefore,  the  seven  States,  working  collectively 
within  the  auspices  of  the  Colorado  River  Basin  Salinity 
Control  Forum,  have  from  time-to-time  adopted  additional 
policies  to  help  facilitate  the  control  of  the  salinity  in 
the  Basin.  In  1977,  the  Forum  adopted  the  "Policy  for 
Implementation  of  Colorado  River  Salinity  Standards  Through 
the  NPDES  Permit  Program."  The  policy  deals  with  both 
industrial  and  municipal  discharges  to  the  river  system. 

With  respect  to  effluent  limitations  for  industrial  dis- 
charges the  stated  objective  is  no-salt  return  to  the  river 
wherever  practicable.  The  policy  with  respect  to  municipal 
discharges  is  that  the  incremental  increase  in  salinity 
shall  be  400  mg/L  or  less  than  the  average  salinity  of  the 
intake  water  supply.  This  policy  is  being  implemented 
through  the  NPDES  permit  program. 

In  1980  the  Forum  adopted  a policy  encouraging  the  use  of 
brackish  and/or  saline  waters  for  industrial  purposes.  This 
use  of  saline  waters  by  industry  combined  with  the  "no-salt" 
discharge  policy  will  reduce  the  salt  load  to  the  river 
system . 

In  October  1982,  the  Forum  adopted  a policy  concerning 
intercepted  ground  waters.  The  1982  policy  more  clearly 
defines  those  aspects  dealing  with  intercepted  ground  waters 
addressed  under  the  1977  policy.  The  NPDES  permit  program 
is  used  to  facilitate  the  1977  and  1982  policies.  There  is 
a separate  NPDES  permit  program  in  each  of  the  States,  with 
authority  derived  from  the  Federal  Clean  Water  Act,  Public 
Law  92-500.  A brief  status  report  as  to  the  program  in  each 
of  the  States  follows. 

Arizona . - The  authority  for  issuing  NPDES  permits  has  not 
been  delegated  to  the  State  and  still  resides  in  the  Region 
IX  office  of  EPA.  Currently,  the  State  prepares  the  per- 
mits, solicits  public  comments  and  involvement,  and  forwards 
a final  draft  of  proposed  permits  to  EPA  for  signature  and 
issuance.  For  waters  tributary  to  the  Colorado  River  above 
Imperial  Dam,  there  are  three  industrial  dischaige  permits 
now  issued  by  the  State  of  Arizona.  There  are  also  31  muni- 
cipalities or  quasi-public  NPDES  permittees  in  the  water- 
sheds of  Arizona  above  Imperial  Dam. 

California . - California  has  authority  to  issue  NPDES  per- 
mits. In  recent  years  there  have  been  no  applications  for 
industrial  discharge  permits  in  the  Colorado  River  drainage 
in  California.  Only  one  municipality  in  the  drainage  area 
has  been  reissued  a municipal  discharge  permit  in  recent 
years.  This  permit  is  consistent  with  Forum  policy. 
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Colorado . - Colorado  has  the  authority  to  issue  NPDES  per- 
mits. There  are  333  permits  in  the  Colorado  River  Basin 
portion  of  the  State.  Most  of  these  are  for  minor  municipal 
or  industrial  facilities.  Of  these  333  permits,  13  are 
major  or  significant  industrial  permits,  and  21  are  major  or 
significant  municipal  permits. 

All  new  or  reissued  permits  have  been  brought  into  com- 
pliance with  the  Water  Quality  Control  Commission's  regu- 
lation for  implementation  of  the  Colorado  River  salinity 
standards.  This  is  being  accomplished  through  the  discharge 
permit  program.  Action  of  particular  note  in  the  past  year 
include  requirements  that  three  major  municipal  dischargers 
demonstrate  the  non-practicability  of  preventing  a greater 
than  400  mg/L  increase  in  salinity  in  their  wastewater 
systems,  and  amendment  of  all  industrial  permits  which 
lacked  salinity  monitoring  requirements. 

Nevada . - The  authority  to  issue  NPDES  permits  has  been 
delegated  to  the  State  of  Nevada.  The  industrial  discharges 
into  water  tributary  to  the  Colorado  River  in  the  State  of 
Nevada  are  located  in  the  Las  Vegas  Wash  area.  Permits  have 
been  issued  to  industrial  companies  at  Henderson  and  strate- 
gies of  piping  and  ponding  discharge  waters  are  being  imple- 
mented. Nevada  has  also  issued  permits  that  prohibit  Nevada 
Power  Company  from  discharging  brackish  waters  from  its  two 
generation  stations  in  the  drainage.  Two  of  the  three  major 
municipalities  in  the  Las  Vegas  Wash  area  have  been  issued 
discharge  permits  that  are  in  keeping  with  the  Forum  policy. 
The  third  major  municipality  in  the  area,  the  city  of  Las 
Vegas,  has  been  involved  in  lengthy  discussions,  nego- 
tiations, and  litigation  concerning  the  terms  of  its  dis- 
charge permit.  When  the  permit  is  reissued,  the  State  will 
ensure  that  the  requirements  of  the  Forum  discharge  permit 
policy  are  fully  implemented. 

New  Mexico.  - Authority  for  issuing  permits  has  not  been 
granted  to  the  State  of  New  Mexico,  and  the  program  is  being 
administered  by  EPA,  Region  VI.  EPA  is  following  the  dis- 
charge permit  policy  of  the  Forum.  There  are  currently  17 
industrial,  10  federal,  and  6 municipal  discharge  permits 
issued  in  the  State  of  New  Mexico  within  the  Colorado  River 
drainage.  Some  permits  are  not  in  compliance  with  Forum 
policy  due  to  monitoring  requirements,  although  corrective 
measures  are  being  taken.  Many  expired  permits  are  cur- 
rently under  administrative  extension  by  EPA.  New  permits 
will  require  compliance  with  Forum  policy  as  they  are 
reissued . 

Utah . - Major  industrial  permits  are  drafted  by  EPA,  and 
minor  industrial  permits  are  drafted  by  the  State  of  Utah. 
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EPA  maintains  the  authority  for  the  issuance  of  the  permits, 
but  all  permits  are  reviewed  by  the  State  for  compliance 
with  Forum  policy.  There  are  72  NPDES  permits  in  effect  for 
industrial  discharges  in  the  State  of  Utah  in  the  Colorado 
River  drainage.  There  are  also  31  municipal  permits  in  the 
State  in  that  drainage.  Twenty-one  of  these  municipal  faci- 
lities provide  total  containment.  Since  1977  and  the  enact- 
ment of  the  Forum  policy,  all  reissuance  of  discharge 
permits  has  been  in  compliance  with  the  Forum  policy. 

Wyoming . - The  State  of  Wyoming  has  the  authority  to  issue 
NPDES  permits  and  the  State  follows  the  Forum  policy  in  the 
issuance  of  these  permits.  The  State  is  giving  particular 
attention  to  the  discharges  from  the  Pacific  Power  and  Light 
Company  Jim  Bridger  Powerplant  located  in  Sweetwater  County. 
That  plant  is  currently  operating  under  a conditional  dis- 
charge permit;  it  is  anticipated  that  with  the  installation 
of  air  pollution  control  devices  over  the  period  of  the  next 
6 years,  water  discharge  will  be  eliminated  from  that  plant. 
Wyoming  has  issued  13  municipal  permits  for  discharges  to 
tributaries  of  the  Colorado  River.  These  5-year  permits  are 
for  relatively  small  discharges  and  are  reissued  in 
compliance  with  the  policy  of  the  Forum  when  they  reach 
their  expiration  dates. 
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SALINITY  RESEARCH 


U.S.  Department  of  Interior  - Salinity  Research 

Through  funding  and  direction  by  the  Bureau  of  Reclamation, 
the  USGS  has  become  more  involved  in  several  aspects  contri- 
buting to  the  analysis  of  the  Colorado  River  Salinity 
Control  Program.  These  include:  the  gathering  of  basic 

data,  extending  data  records,  automating  the  analysis  of 
data  using  new  computer  techniques,  documenting  the  methods 
and  results,  and  helping  to  identify  and  quantify  sources  of 
salt  loading. 

Beyond  investigating  potential  salinity  control  units, 
Reclamation  has  also  contracted  to  review  the  economic 
impacts  of  salinity. 

Characteristics  and  Trends  in  Dissolved  Solids  in  the  Upper 
Colorado  River  Basin  [Liebermann,  Choquette,  and  Bell] 

This  study  evaluates  historical  water  use  in  relation  to 
dissolved  solids  concentration  in  the  Upper  Colorado  River 
Basin.  The  report  also  identifies  sources  of  dissolved  sol- 
ids loads,  trends,  and  concentrations.  Annual  and  monthly 
dissolved  solids  were  estimated  for  70  streamflow  gaging 
stations  using  regression  techniques.  Major  dissolved 
constituents  also  were  estimated.  Nonparametr ic  trend  anal- 
ysis was  used  to  determine  long  term  trends  resulting  from 
major  interventions  upstream. 

The  major  changes  in  streamflow  and  dissolved  solids  in  the 
Upper  Colorado  River  Basin,  during  the  period  of  record, 
have  been  caused  by  the  construction  of  Lake  Powell. 

Controlled  outflows  and  mixing  of  seasonal  inflows  stored  in 
the  reservoir  have  greatly  reduced  the  seasonal  and  annual 
variability  in  discharge  and  dissolved  solids  concentrations 
and  loads.  In  general,  other  trend  detected  at  stations  are 
of  a local  nature,  and  do  not  reflect  basinwide  changes. 

More  detailed  results  will  be  available  later  in  a USGS  Open 
File  Report  (not  yet  published). 

Estimation  of  Natural  Dissolved-Solids  Discharge  in  The  Upper 
Colorado  River  Basin  [David  K.  Mueller  and  Lisa  L.  Osen] 

A statistical  method  was  developed  to  estimate  monthly  natu- 
ral dissolved-solids  discharge  at  selected  sites  in  the 
Upper  Colorado  River  Basin.  Natural  dissolved-solids  dis- 
charge was  defined  as  the  rate  of  inorganic-solute  flow  past 
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a specific  site  that  would  have  occurred  if  there  had  been 
no  water-resources  development  in  the  basin  upstream  from 
the  site.  The  method  used  weighted  least-squares  regression 
to  fit  a model  of  dissolved-solids  discharge  as  a function 
of  streamflow  and  several  variables  representing  develop- 
ment. After  the  model  had  been  calibrated  for  an  individual 
station,  the  development  variables  were  removed,  leaving  the 
relation  between  dissolved-solids  discharge  and  streamflow 
for  conditions  of  no  upstream  development.  Natural 
dissolved-solids  discharge  was  calculated  using  this  rela- 
tion and  estimates  of  natural  streamflow  provided  by 
Reclamation . 

Limitations  of  the  method  included  a lack  of  data  to  verify 
the  natural  dissolved-solids  discharge  estimates  and  to 
adequately  represent  all  the  effects  of  development. 

However,  model  statistics  indicated  a good  fit  to  histori- 
cal data.  Also,  mean  annual  natural  dissolved-solids  dis- 
charge values  were  approximately  equal  to  mass-balance 
estimates . 

Some  additional  items  included  in  the  report  are  also  of 
interest.  The  natural  (pre-development)  annual  salt  load 
for  the  Colorado  River  at  Lees  Ferry,  Arizona,  was  estimated 
in  the  study  to  be  5.3  million  tons  per  year.  The  average 
salt  load  from  1941  to  1983  was  7.7  million  tons  per  year. 
Apparently  development  is  responsible  for  an  increase  in 
salinity  of  approximately  2.4  million  tons  per  year.  Or  in 
other  terms,  the  effect  of  development  has  caused  salinity 
at  Lees  Ferry  to  increase  from  an  average  of  250  mg/L  to  551 
mg/L. 

It  was  also  noted  in  the  report  that  the  effect  of  Lake 
Powell  reduced  the  monthly  variation  in  salinity  below  Glen 
Canyon  Dam  from  299  mg/L  to  72  mg/L.  The  annual  variation 
was  similarly  reduced  from  106  mg/L  to  42  mg/L. 

Salinity  Loading  in  Las  Vegas  Wash 

During  FY  1986,  the  Bureau  of  Reclamation  and  the  Geological 
Survey  developed  a cooperative  investigation  with  the  major 
purpose  to  determine  whether  proposed  engineering  plans 
aimed  at  reducing  salt  loading  to  the  Las  Vegas  Wash  near 
Henderson  are  feasible  and  effective.  One  plan  proposes 
building  a detention  basin  which  includes  a dike  and  slurry 
wall  (vertically  through  the  aquifer)  which  they  predict 
will  capture  and  retard  saline  ground-water  flow  from  enter- 
ing the  wash.  The  hypothesis  is  that  the  saline  water 
behind  the  slurry  wall  and  dike  will  stratify  leaving 
fresher  water  at  the  surface  which  will  flow  out  of  the 
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detention  basin  and  into  the  wash.  Ultimately,  Reclamation 
plans  on  building  a series  of  14  detention  basins  along  the 
wash  if  it  is  determined  that  these  basins  are  effective 
measures  in  reducing  the  total  salt  content  entering  Lake 
Mead.  The  second  part  of  the  plan  has  already  been  com- 
pleted by  the  Bureau  and  consists  of  a pipeline  which  car- 
ries cooling  water  from  three  chemical  plants  directly  to 
the  wash  nearly  3/4  of  a mile  down  gradient.  Originally, 
the  cooling  water  entered  an  unlined  channel  where  it  is 
infiltrated  into  the  gypsum  rich  alluvium  in  this  part  of 
Las  Vegas  Valley. 

The  objectives  are  to  determine  whether  these  two  measures 
are  feasible  and  effective  means  to  reduce  salt  loading  to 
the  Las  Vegas  Wash  and  ultimately  Lake  Mead.  After  suffi- 
cient data  have  been  collected,  SUTRA  will  be  used  as  the 
primary  tool  to  meet  our  objectives.  SUTRA  is  a two- 
dimensional  single-species  solute  transport  model  which  can 
handle  density  dependent  flow.  After  accurately  identifying 
the  flow  system  in  these  areas,  various  scenarios  will  be 
tested  as  how  to  best  model  the  transport  of  salts.  Further 
geochemical  studies  are  still  needed  to  define  the  processes 
involved . 

The  study  is  currently  in  the  data  collection  stage.  About 
120  wells  in  the  two  areas  have  been  used  to  obtain  water 
levels,  water-quality  samples,  and  aquifer  parameters  needed 
to  understand  the  system.  More  drilling  and  well  installa- 
tion is  planned  to  help  to  understand  more  fully  the  hydro- 
logic  and  geochemical  processes  that  influence  this  complex 
setting . 

Estimation  of  Salinity  Loads,  Lower  Colorado  River 

International  Treaty  agreements  between  the  United  States 
and  Mexico  provide  for  the  control  of  the  quantity  and  qual- 
ity of  the  waters  of  the  Colorado  River  entering  Mexico. 

The  Colorado  River  Basin  Salinity  Control  Act  as  amended  in 
1984  (Public  Law  98-569)  provides  the  Departments  of  the 
Interior  and  Agriculture  the  authority  to  implement  sali- 
nity controls  in  the  basin.  These  controls  insure 
compliance  with  standards  that  have  been  established  and 
accepted  by  the  basin  States  for  selected  locations  on  the 
Colorado  River  main  stem. 

Salinity  concentrations  in  the  Colorado  River  are  associated 
with  water  use,  agriculture,  municipal  and  industrial  deve- 
lopment, trans-basin  diversions,  and  natural  sources.  To 
fulfill  management  responsibilities,  the  Bureau  of 
Reclamation  must  determine  the  degree  to  which  the  various 
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sources  of  salinity  impact  river  quality  as  well  as  the 
effectiveness  of  alternate  salinity  control  technologies.  A 
tool  in  the  management  of  the  River  is  a data  base  of  suffi- 
cient duration  that  will  allow  for  projections  of  flows  and 
salinities  to  some  point  in  the  future. 

The  objective  of  this  study  is  to  develop  a data  base  of 
monthly  discharges  and  salt  loads  for  the  calendar  year 
period  1935  to  current  year,  or  as  appropriate,  for  selected 
sites  on  the  Colorado  River  from  Imperial  Dam  to  the 
Southerly  International  boundary.  This  includes  estimating 
monthly  salt  loads  and  monthly  flow  data  wherever  data  are 
missing  and  documenting  procedures. 

To  fulfill  the  objectives,  the  following  approach  will  be 
used : 

1.  Determine  the  availability  and  completeness  of  flow 
records  and  water  quality  records  at  10-11  stations  below 
Imperial  Dam; 

2.  Enter  data  into  a computerized  data  base; 

3.  Utilize  appropriate  statistical  programs  to  develop 
techniques  to  fill  in  missing  periods  of  record  for  flow 
and  salinity; 

4.  Prepare  an  Open-File  report  summarizing  the  tech- 
niques used  to  estimate  salinity  loads,  and 

5.  Furnish  a review  copy  to  Reclmation  by  Fall  1986. 
Economic  Update  to  Salinity  Impacts 

While  the  concept  of  cost-effectiveness  generally  supports 
project  selection  and  order  of  implementation,  the  deter- 
mination of  the  overall  economic  benefits  due  to  program 
implementation  remains  an  important  aspect.  Estimates  of 
economic  benefits  are  addressed  formally  in  planning  reports 
and  are  frequently  used  in  public  documents. 


A preliminary  analysis  of  economic  impacts  of  salinity  was 
initiated  in  1974,  resulting  in  a 1980  report  entitled 
Economic  Impacts  on  Agricultural,  Municipal,  and  Industrial 

Kleinman  and  Brown.  Since  this  earlier 
been  many  changes  in  water  use,  treatment, 
etc.,  that  affect  present  and  future 


Users  by  Messrs, 
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salinity  damage  levels. 

A contract  study  was  initiated  in  June  1986  to  provide  a 
better  estimate  of  present  and  future  salinity  damages  under 
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various  water  use  scenarios  and  'economic  conditions.  The 
study  will  focus  primarily  on  the  municipal  and  industrial 
water  use  sectors  in  the  Lower  Basin.  The  study  contractor, 
Milliken-Chapman  Research  Group,  Littleton,  Colorado,  will 
submit  a final  report  to  Reclamation  by  January  1987. 


U.S.  Department  of  Agriculture  - Salinity  Research 

The  Department  of  Agriculture,  through  the  Agricultural 
Research  Service,  continues  to  provide  the  Salinity  Control 
Program  with  valuable  basic  research.  Some  of  their  studies 
are  summarized  below. 

Isotope  Determination  of  Water  Sources 

Existing  methodology  to  determine  sources  of  return  flow  and 
salt  loading  requires  prohibitively  time  consuming  and 
expensive  studies  of  water  and  salt  fluxes  on  and  off  indi- 
vidual fields  and  determination  of  hydrologic  gradients  and 
flow  rates.  An  alternative  methodology  with  relatively  low 
costs  involves  use  of  stable  isotopes  as  well  as  the  chemi- 
cal compositions  of  surface  and  ground  waters.  In  the  Grand 
Valley,  the  isotopic  differences  between  local  ground  water 
(as  measured  in  the  upland  areas)  and  the  Colorado  River 
water  used  for  irrigation  are  sufficiently  large  to  enable 
estimating  the  relative  contributions  from  these  two  sources 
Water  samples  were  taken  in  the  winter  from  all  the  washes 
in  Grand  Valley. 

Since  there  were  no  irrigation  flows  nor  surface  flows  from 
upland  areas,  the  flow  in  the  washes  should  represent  the 
composition  of  the  ground  water  recharging  into  the  Colorado 
River.  This  isotopic  composition  of  the  washes  was  very 
uniform,  indicating  that  approximately  85  percent  of  the 
return  flows  are  drainage  waters  from  irrigation  and  only  15 
percent  from  non-irr igated  recharge.  Analysis  of  well 
waters  revealed  that  the  most  saline  waters  had  smaller 
contributions  of  irrigation  water  than  did  the  more  dilute 
waters.  The  salt  contribution  in  return  flows  due  to  irri- 
gation is  thus  less  than  the  contribution  of  irrigation  to 
return  flow  volumes.  The  contribution  of  on-farm  deep  per- 
colation could  not  be  accurately  separated  from  canal  and 
lateral  seepage  based  on  stable  isotopes  and  solution  com- 
position. Based  on  these  procedures,  it  is  estimated  that 
these  processes  contribute  roughly  equal  volumes  of  water  to 
the  subsurface. 
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Soil  Salinity  Monitoring  Instrumentation 


A limiting  factor  in  evaluating  the  salinity  status  of  soils 
and  the  maintenance  of  a productive  irrigated  agriculture  is 
the  availability  of  practical  methods  of  measuring  soil 
salinity  on  a large  area  basis.  Developmental  work  is  con- 
tinuing on  the  field  use  of  time-domain  ref lectometry  (TDR) 
for  the  simultaneous  measurement  of  soil  water  content  and 
electrical  conductivity  over  identical  sampling  volumes. 
Experimental  work  has  shown  that  a small  correction  factor 
is  needed  for  the  theoretically  derived  attenuation  coef- 
ficient. Successful  electrode  insertion  and  measuring  tech- 
niques have  been  developed  and  used  for  field  sampling  of 
water  content  and  salinity.  Contractual  work  on  measuring 
the  soil  dielectric  constant  (water  content)  with  a 4-probe 
electrode  configuration  is  in  progress. 

Irrigation  With  Saline  Water 

Reuse  of  drain  water  for  irrigation  would  reduce  the  volume 
of  brackish  water  returned  to  the  Colorado  River.  A 
strategy  has  been  developed  to  reuse  this  water  while  main- 
taining a suitable  agricultural  water  supply  and  crop  pro- 
duction. Using  this  management  strategy,  drainage  water  is 
substituted  for  irrigation  water  when  irrigating  certain 
crops  in  a tolerant  growth  stage.  The  salt  buildup  result- 
ing from  irrigating  salt  tolerant  crops  with  drainage  water 
is  subsequently  alleviated  by  irrigating  salt-sensitive 
crops  with  low  salinity  water.  Since  previous  reports,  can- 
taloupes were  grown  without  loss  of  yield  in  successive 
crop-rotation  fields  for  the  second  time,  concluding  the 
repeat  of  the  two  year  rotation  of  wheat-sugarbeets-melons 
in  which  75  percent  of  the  irrigation  needs  of  wheat  and 
sugar  beets  were  supplied  with  3,500  mg/L  drainage  water. 
Alfalfa  was  grown  for  a year  (six  cuttings)  without  yield 
loss,  concluding  a four-year  rotation  of  cotton-cotton- 
wheat-alfalfa,  in  which  substantial  brackish  water  was  used 
to  irrigate  cotton. 

Computer  Mapping  of  Irrigated  Areas 

Salinity  maps  are  needed  to  assess  the  extent,  nature,  and 
severity  of  salinity  problems.  These  maps  can  serve  as  a 
basis  for  planning,  monitoring,  and  managing  salinity  in 
irrigated  lands.  The  developed  technique  includes  instru- 
mental measurement  techniques  and  a computerized  geographic 
information  system. 

A 15  square-mile  irrigated  area  was  sampled  on  an  approxima- 
tely 1/8  mile  grid  basis.  The  desired  sampling  point  was 
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located  using  a LORAN  system.  At  each  point  soil  salinity 
was  measured  using  electromagnetic  instruments,  a wide  spac- 
ing 4-probe  electrical  resistivity  array,  and  a vertical 
4-probe  array;  and  water  content  was  determined  using  time- 
domain  ref lectometry . Surface  soil  samples  were  taken  for 
laboratory  analysis  of  water  content  and  salinity. 

Evaluation  of  this  data  will  enable  development  of  a suita- 
ble instrumental  procedure  for  large  scale  salinity  mapping. 
The  salinity  information  will  be  input  to  an  appropriate 
computerized  geographic  information  system.  This  system 
will  be  developed  to  allow  for  overlay,  as  well  as  single 
parameter  mapping  and  to  make  statistical  evaluations  of 
spatial  relations  among  the  mapped  attributes  such  as 
cropping  patterns,  depth  and  salinity  of  ground  water,  soil 
type,  and  irrigation  management.  This  information  will  be 
evaluated  for  its  suitability  for  salinity  assessment, 
prognosis,  and  inventorying. 

Canal  Delivery  Systems 

For  irrigated  agriculture  to  respond  to  changing  markets, 
new  crops  and  new  practices  to  reduce  salt  loading,  a flexi- 
ble irrigation  delivery  system  is  required.  Such  flexibi- 
lity exists  on  farms  that  obtain  water  from  wells,  but  not 
on  most  existing  canal  delivery  systems. 

Detailed  monitoring  of  lateral  canals  has  begun  in  the 
Wellton-Mohawk  Irrigation  and  Drainage  District  and  the 
Imperial  Irrigation  District.  Inflows,  outflows,  and  water 
levels  are  being  precisely  measured  to  provide  a data  base 
from  which  the  effects  of  system  management  and  structures 
on  flow  transients  and  delivery  uniformities  can  be  studied. 

The  Wellton-Mohawk  Irrigation  and  Drainage  District  ( WMIDD ) , 
located  along  the  Gila  River  east  of  Yuma  in  southwestern 
Arizona,  provides  water  to  about  50,000  acres  of  farmland. 
Water  is  ordered  with  three  days  notice  for  any  duration  and 
standard  deliveries  of  15  cfs  (with  20-25  cfs  more  common), 
and  ditchriders  are  on  24-hour  call.  A cooperative  agree- 
ment was  reached  with  the  WMIDD  to  study  canal  operations, 
principally  through  the  detailed  monitoring  of  flow  along 
two  lateral  canals,  one  near  the  upstream  end  of  the  dis- 
trict where  main  canal  levels  and  flow  should  be  reasonably 
stable,  and  the  other  near  the  downstream  end  where  main 
canal  flows  vary  widely. 

The  Imperial  Irrigation  District  (IID)  provides  water  to 
500,000  acres  of  farmland  in  the  Imperial  Valley.  Water  is 
ordered  from  IID  with  three  days  notice  for  24-hour  dura- 
tions, standard  deliveries  of  11  cfs,  (but  less  can  be 
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requested)  and  the  ditchriders  work  8-hour  shifts.  A moni- 
toring project  similar  to  that  in  WMIDD  has  been  initiated 
in  IID  to  compare  the  differences  in  scale  and  operating 
procedures.  This  project  dovetails  very  well  with  an 
ongoing  IID  conservation  project  aimed  at  reducing  tailwater 
losses.  Under  cooperative  arrangement  with  IID,  the  ARS 
principal  responsibility  will  be  data  analysis,  while  IID 
will  install  the  monitoring  equipment  and  collect  most  of 
the  data. 

Dual-Acting  Controlled  Leak  Control  Scheme 

There  are  basically  four  existing  techniques  for  regulating 
flow  rates  into  canal  laterals: 

1.  Manual  control  of  gates  or  valve  openings, 

2.  Neyrtec  or  Neyrpic  constant-discharge  modules, 

3.  Manual  or  mechanically  operated  movable  weirs,  and 

4.  Automatic  downstream  local  control  structures  in 

conjunction  with  weirs  or  flumes. 

The  controlled-leak  or  Denaidean  system,  used  on  several 
Arizona  and  California  canals,  consists  of  a loosely  housed 
large  float  or  "piston"  connected  by  cable  or  lever  to  the 
gate  to  be  controlled.  The  "piston"  is  actuated  by  a 
skimming  weir  placed  at  the  level  to  be  controlled.  The 
resulting  water  level  is  used  to  fill  the  piston  chamber  and 
works  against  a lead  from  the  chamber  bottom  through  an  ori- 
fice opening.  Thus,  a rising  controlled  water  level  will 
cause  "piston"  movement,  and  consequently  gate  movement,  to 
bring  the  controlled  surface  back  to  the  limited-spill 
level.  The  limitations  on  this  system  are  that  the  skimming 
weir  mechanism  is  rather  cumbersome  and  costly  to  construct 
in  an  adjustable  mode  and  control  levels  achieved  are  on  the 
order  of  210.1  foot. 

A new  controlled-leak  mechanism  has  been  developed  to  elimi- 
nate these  problems  and  to  increase  the  control  accuracy. 

The  new  system  is  called  the  Dual-Acting  Controlled  Leak 
system  in  that  the  "piston"  chamber  inflow  and  outflow  are 
manipulated  by  the  deviation  in  the  controlled  water  sur- 
face, instead  of  just  the  weir  inflow  rate  on  previous  ver- 
sions. Water  for  the  piston  float  chamber  is  obtained  from 
any  pressure  source,  usually  the  high  water  behind  the  gate 
to  be  operated.  This  pressure  source  is  modulated  to  and 
from  the  piston/float  chamber  through  two  float-operated 
valves  placed  to  sense  the  controlled  water  surface.  The 
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valves  are  plumbed  to  work  from -the  same  water  surface,  one 
feeding  pressure  flow  to  the  piston/float  chamber  and  the 
other  leaking  water  from  the  chamber.  The  mechanism  is 
small  enough  to  be  easily  adjusted  to  any  flow  level  and 
sensitive  enough  to  control  the  water  surface  to  21  3mm 
( 1/8  inch ) . 

Canal  Control  Schemes 


Accurate  measurement  of  flow  rates  and  hydraulic  heads  that 
drive  a system  are  required  to  assure  accurate  flow  rates  at 
a canal  branch  as  incoming  flow  rates  change.  A computer 
program  is  being  developed  to  assess  the  sensitivity  of 
branching  structures  to  inaccurate  flow  or  hydraulic  head 
measurements . 

Variability  of  Infiltration  Rates 

Two  recirculating  inf iltrometers  were  used  during  the  1985 
irrigation  season  in  the  Grand  Valley  of  western  Colorado  to 
evaluate  the  effects  of  tillage  methods  on  intake  and  to 
quantify  infiltration  variability  on  a given  field. 
Infiltration  parameters  have  been  calculated  for  three  major 
Grand  Valley  soils,  based  on  data  from  inflow-outflow 
measurements.  For  a typical  opportunity  time,  intake  was 
commonly  twice  as  high  for  non-wheel  as  for  wheel  track 
furrows.  Variation  between  nearby  wheel  track  furrows  for  a 
single  irrigation  was  sometimes  more  than  two-fold  while 
variation  from  early  to  late  season  was  five-  or  six-fold. 

High  Water  Table  Effects  on  Irrigation  Water  Requirements 

Weighing  lysimeters  containing  water  tables  of  varying  depth 
and  salinity  were  used  to  determine  effects  of  these  condi- 
tions on  irrigation  requirements  of  spring  wheat.  Poor 
wheat  growth  surrounding  the  lysimeters  limits  the  validity 
of  the  first  year's  data.  Measurements  on  spring  wheat  will 
be  continued  for  two  more  years.  Prior  years'  studies  on 
corn  indicated  that  irrigation  applications  could  be  reduced 
about  two-thirds  for  a water  table  depth  of  60-rm  and  about 
one-third  for  a 105-cm  water  table  depth  for  values  of 
ground  water  salinity  up  to  6 deciSiemens  per  meter,  the 
highest  tested. 

Improving  Irrigation  Systems 

Salt  loading  results  from  excessive  deep  percolation  caused 
by  applying  excessive  water  and  from  nonuniform  distribution 
of  water.  Accurate  application  of  the  desired  amount 
of  water  is  essential  to  reduce  deep  percolation  which 
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generally  requires  some  form  of  automation  of  surface  irri- 
gation systems.  Excess  application  usually  occurs  at  the 
upper  end  of  fields  during  the  first  irrigation  after 
plowing.  Minimum  tillage  or  recompaction  of  furrows  can 
enable  applying  light,  uniform  water  applications. 

Two  additional  cablegation  systems  were  installed  in  the 
Grand  Valley  in  Colorado  bringing  the  total  number  of  sys- 
tems there  to  seven.  All  seven  systems  were  used  for  all 
irrigations,  and  the  operators  were  pleased  with  their  per- 
formance. A two-day  cablegation  training  course  was  given 
to  Colorado  SCS  personnel,  including  several  working  in  the 
Grand  Valley. 

Two  cablegation  systems  in  the  Grand  Valley  were  evaluated 
for  the  total  1985  season.  Both  farmers  applied  water  an 
average  of  every  10-11  days  after  July  1,  the  normal  inter- 
val for  the  area.  Net  application  depths  varied  from  27  mm 
to  60  mm  with  a seasonal  total  of  390  mm  (15  in)  on  one 
field,  and  from  62  mm  to  140  mm  with  a seasonal  total  of 
770  mm  (30  in)  on  the  other  field.  Corn  consumptive  use  for 
the  area  was  about  570  mm  with  about  100  mm  of  that  provided 
by  precipitation.  One  farmer  deep  percolated  very  little 
water  and  may  have  stressed  portions  of  his  field,  while  the 
other  deep  percolated  about  300  mm  or  25  percent  of  his 
gross  application  and  40  percent  of  his  net  application. 
Thirty-two  percent  and  40  percent  of  the  gross  applications 
ran  off  the  two  fields,  respectively. 

Due  to  the  relatively  low  base  infiltration  rates  (2-3  mm/h) 
of  the  fields  and  the  higher  initial  inflow  rates  cablega- 
tion provides,  water  distribution  down  the  furrows,  calcu- 
lated from  measured  intake  opportunity  times  and  base 
infiltration  rates,  was  good  with  no  more  than  15  percent 
more  water  applied  to  the  top  of  the  field  than  the  bottom, 
even  during  the  initial  irrigation. 

Four  cablegation  systems  in  Grand  Valley,  two  in  southern 
Idaho,  and  several  in  western  Nebraska  have  been  evaluated 
over  the  last  two  years.  These  evaluations  show  that  cable- 
gation systems  can  be,  and  often  are,  operated  to  irrigate 
efficiently.  However,  poor  performance,  primarily  in  the 
form  of  excessive  application  and  runoff,  has  been  observed, 
due  primarily  to  the  farmer  not  monitoring  and  adjusting  his 
system  to  the  varying  soil  conditions. 

Improving  Furrow  Infiltration  Uniformity 

Furrow-to-f ur row  infiltration  variability  was  measured 
on  five  fields  in  the  Grand  Valley.  The  infiltration 
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coefficient  of  variation  ranged  from  21  percent  to 
44  percent  and  averaged  29  percent.  On  four  of  the  five 
fields,  one  or  two  of  every  three  furrows  infiltrated  at 
significantly  higher  rates  than  the  remaining  furrow(s),  due 
to  tractor  wheel  compaction  during  cultivation  and  planting. 
Unpacked  or  soft  furrows  infiltrated  an  average  of  46  per- 
cent more  water.  This  implies  that,  if  the  packed  furrows 
received  the  desired  amount  of  water,  46  percent  of  that 
applied  to  the  soft  furrows  or  15  percent  of  the  net  appli- 
cation to  the  field  (assuming  one-third  of  the  furrows  are 
soft)  will  deep  percolate  just  due  to  wheel  compaction. 
Elimination  of  wheel  packing  differences  will  reduce  the 
f urrow-to-f urrow  infiltration  variance  by  30-50  percent. 

Both  random  and  tillage-caused  infiltration  variability  will 
result  in  significant  deep  percolation,  even  when  net  water 
applications  are  not  greater  than  the  available  soil 
moisture  storage  capacity. 

Techniques  such  as  furrow  compaction  and  flow  interruption 
(surge)  can  be  applied  to  decrease  infiltration  rates,  while 
organic  matter  incorporation  and  furrow  chiseling  can  be 
used  to  increase  infiltration.  During  1985,  these  factors 
were  studied  in  the  Grand  Valley  on  both  Youngston  fine 
sandy  loam  (Colorado  State  University  Fruit  Research  Center) 
and  Billings  clay  (Roy  Hood  Farm,  1049  22nd  Road)  soils. 

Wheel  packing  reduced  intake  rates  in  the  two  loam  soils  by 
35  percent  and  the  wheel  packing  effect  decreases  but  per- 
sists throughout  the  season.  Packing  only  a portion  of  the 
irrigated  furrows  was  a primary  factor  causing  infiltration 
variability.  Packing,  or  avoiding  packing  of  all  irrigated 
furrows,  would  eliminate  the  primary  source  of  nonuniform 
water  distribution  from  furrow  to  furrow.  Irrigating  only 
packed  furrows  during  the  first  irrigation  permits  lighter, 
more  uniform  water  application.  Moist  compaction  is  a 
highly  effective  means  of  reducing  infiltration  on  both 
Grand  Junction  soils. 

Flow  interruption  reduced  infiltration  rates  20-40  percent 
on  the  two  loam  soils  during  the  first  irrigation  after 
spring  tillage.  The  reduction  was  only  10-15  percent  for 
the  remainder  of  the  year  on  the  Youngston  soil.  Flow 
interruption  had  no  effect  on  infiltration  into  the  Billings 
clay . 

Furrow  chiseling  increased  infiltration  into  the  Billings 
clay  by  25  percent  only  on  the  first  irrigation  with  no 
residual  effects.  On  both  loams,  chiseling  greatly 
increased  initial  infiltration  rates  and  slowed  advance 
times  during  the  first  irrigation  following  chiseling.  On 
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the  Youngston  soil,  the  infiltration -remains  higher  in  the 
non-wheel  furrow  than  in  wheel-packed  furrows  throughout  the 
irrigation  season.  The  chiseled  furrows  were  repacked  by 
tractor  wheels  during  cultivation  between  the  first  and  suc- 
ceeding irrigations.  Furrow  chiseling  can  be  an  effective 
way  to  increase  initial  infiltration.  Because  sustained 
infiltration  rates  are  not  greatly  changed,  the  distribution 
uniformity  would  not  be  greatly  affected. 

On  the  Youngston  soil,  the  high  manure  applications 
increased  the  cumulative  infiltration  about  25  percent 
mainly  through  a 100  percent  increase  in  the  sustained  rate. 
The  manure  effects  may  have  been  limited  by  soil  compaction 
due  to  driving  loaded  manure  spreaders  and  incorporation 
equipment  on  the  moist  soil  in  the  spring. 


Universities  - Salinity  Research 


Reuse  of  Blowdown  Water  for  Irrigation 

Research  by  Utah  State  University  scientists  in  cooperation 
with  Utah  Power  and  Light  since  1977  relates  to  the  use  of 
wastewater  from  the  coal-fired  powerplant  at  Huntington, 
Utah.  Crops  have  been  grown  for  8 years  and  soil  salinity 
has  been  monitored.  Wastewater  was  applied  by  specialized 
line-source  equipment  at  various  rates.  The  saline  water 
from  the  powerplant  is  about  ten  times  saltier  than  the  nor- 
mal "creek"  irrigation  water.  The  build-up  of  total  salts 
was  sufficient  to  cause  some  minor  yield  depressions. 

Tests  made  in  1985  definitely  show  the  major  detrimental 
effect  found  was  boron  toxicity,  which  was  highly  dependent 
on  the  crop. 

The  forage  crops  tested  showed  no  yield  depression  due  to 
these  boron  rates  but  potato  yields  were  decreased  to  20 
percent  of  normal.  The  susceptibility  of  crops  was  found  to 
be  (from  high  to  low  susceptibility)  potatoes,  corn,  barley, 
wheat,  alfalfa,  wheatgrass.  A model  of  water-boron-crop- 
irrigation-yield  has  been  developed  and  is  in  the  process  of 
being  tested  against  field  data. 

Carbonate  Chemistry  and  Mineralogy 

A University  of  California-Davis  study  of  factors  influ- 
encing carbonate  chemistry  and  mineralogy  in  salt  affected 
soils  was  carried  out  over  a 3-year  period.  Plots  were 
designed  to  provide  delivery  of  variable  quantities  of  irri- 
gation water  and  salts  through  parallel  line-source 
sprinklers.  The  plots  were  cropped  to  sorghum  during  summer 
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seasons  and  to  wheat  during  winter  and  early  spring.  Soil 
solutions  and  soil  gases  were  collected  periodically  to 
study  seasonal  and  diurnal  periods,  varying  temperature, 
moisture,  and  salinity  regimes  on  cropped  and  noncropped 
conditions.  Data  applied  to  a water  equilibrium  model 
showed  that  soil  solutions  at  all  profiles  were  super- 
saturated with  calcite. 

Fifteen  subsurface  drains  on  23  acres  of  irrigated  agri- 
cultural land  established  by  Nevada  Agricultural  Experiment 
Station  scientists  in  salinity  research  at  Fallon,  Nevada, 
were  sampled  in  27  consecutive  weeks.  The  time  period  and 
spacing  variabilities  of  electrical  conductivity,  tem- 
perature, ph , dissolved  oxygen,  and  nitrate  nitrogen  were 
evaluated  using  time  series  and  geostat is tical  analyses. 
Optimum  spacings  for  subsurface  drains  were  compared  with 
the  resulting  information.  Models  were  established  that  can 
be  used  for  forecasting  future  temporal  and  spatial  values 
and  for  determining  the  transfer  function  to  provide  a way 
to  relate  water  management  plans  with  water  quality  control. 

An  improved  experimental  setup  is  in  use  at  the  University 
of  Calif ornia-Davis  to  study  dissolution  kinetics  of  car- 
bonate minerals  in  aqueous  systems.  Dissolution  studies 
were  carried  out  to  determine  the  influence  of  different 
surface  areas.  The  same  experimental  setup  was  used  to 
study  the  dissolution  kinetics  of  gypsum  and  phosphogypsum. 
Understanding  dissolution  chemistry  of  minerals  will  help 
develop  practices  to  minimize  contributions  to  salinity  in 
Basin  streams. 
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1986  SALINITY  PROGRAM  EVALUATION 


USDA/Reclamat ion  Program  Coordination 

The  USDA  Basin  Coordinator  position  established  in  1985 
of  FY  1985  to  assist  in  carrying  out  the  Colorado  River 
salinity  program  is  performing  as  planned.  The  position  is 
responsible  for  coordination  and  evaluation  of  USDA  salinity 
control  activities  in  the  Basin.  The  Coordinator,  headquar- 
tered at  the  Bureau  of  Reclamation's  Colorado  River  Water 
Quality  Office  in  Denver,  Colorado,  is  the  primary  point  of 
contact  with  the  Bureau  of  Reclamation  and  USDA  agencies. 

He  is  also  responsible  for  providing  salinity  control  pro- 
gram assistance  for  the  seven  Basin  State  Conservationists 
of  SCS;  Director,  West  National  Technical  Center);  and  other 
Federal,  State,  and  local  entities  and  organizations. 

In  response  to  concerns  raised  by  the  Colorado  River  Basin 
Salinity  Control  Forum  and  the  mandate  contained  in  the 
amendatory  legislation  for  the  Colorado  River  Salinity 
Control  Program,  the  Department  of  the  Interior  and  the 
Department  of  Agriculture  formed  a TPCC  (Technical  Policy 
Coordination  Committee)  in  1985  to  improve  coordination  of 
the  salinity  control  programs.  The  committee  is  comprised 
of  representatives  of  the  Bureau  of  Reclamation  and  the 
Soil  Conservation  Service. 

Issues  addressed  and  resolved  by  the  TPCC  during  the  past 
year : 


1.  Developed  a common  methodology  to  assess  a project 
prioritization  schedule  for  the  salinity  control 
program . 

2.  Agreed  to  combine  Department  of  Agriculture  and 
Department  of  the  Interior  programs  where  the  combined 
effort  results  in  greater  overall  cost-effectiveness 
than  the  individual  programs. 

3.  Agreed  on  joint  interagency  reporting  process. 

4.  Coordinated  the  basinwide  and  individual  project 
monitoring  and  evaluation  plans. 

5.  Coordinated  Reclamation  off-farm  planning, 
design,  and  implementation  with  SCS  planning,  design, 
and  implementation  of  onfarm  systems  improvement. 

6.  Agreed  on  a joint  salt  load  reporting  process  in 
the  Grand  Valley. 
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ACP  vs  CRSC  Program  Staffing  and  Funding 


Since  1979,  USDA  implementation  of  the  Grand  Valley  and 
Uinta  Basin  Units  has  been  accomplished  using  funds 
reprogramed  from  other  USDA  program  activities-- 
specif ically , ACP  funds  from  ASCS  for  cost  sharing  and  con- 
servation operations  funds  from  SCS  for  technical 
assistance.  Public  Law  98-569  provides  for  direct  funding 
of  the  onfarm  salinity  program,  including  the  continuing 
Grand  Valley  and  Uinta  Basin  Units.  The  continued  use  of 
existing  program  authorities  has  resulted  in  a significant 
and  growing  disparity  between  the  amount  of  cost-share 
dollars  and  technical  assistance  dollars  available  to  carry 
out  this  program.  Direct  line  item  funding  in  each  of  these 
areas  would  resolve  this  problem. 


Evaluation  Process 


The  agreed  upon  process  used  for  this  1986  evaluation  con- 
sists of  three  steps:  basic  data  and  program  inputs, 

evaluation  and  analysis,  and  verification  and  review.  The 
three  steps,  in  turn,  are  composed  of  individual  components 
which  further  describe  the  complete  process  as  shown  in 
figure  4. 

The  basic  data  components  reflect  DOI  and  USDA  coordinated 
input  of  basic  data  on  individual  projects  used  in  the 
evaluation  process.  Other  program  input  components  include 
the  facts,  figures,  and  values  provided  in  the  basic  data 
that  are  used  in  the  least  cost  investment  model,  including 
project  data,  projected  depletions,  and  the  salt  load  reduc- 
tion objective. 

Under  evaluation  and  analysis,  investment  schedules  neces- 
sary to  achieve  the  program  salt  load  reductions  are  devel- 
oped, evaluated,  and  analyzed.  The  investment  levels  are 
then  checked  against  the  basin  fund  repayment  capability. 

The  proposed  schedule  is  subsequently  verified  using  the 
CRSS  program  and,  when  verified,  it  becomes  the  recommended 
implementation  schedule.  Following  internal  review  and 
review  by  the  Interagency  Committee  and  the  Forum  Work  Group 
(the  technical  support  team  of  the  Forum),  the  Forum  and  the 
Advisory  Council  reviewed  the  report  as  the  final  step  in 
preparing  this  1986  evaluation. 
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1986  CRWQIP  Evaluation  Process 


Figure  4.  - 1986  CRWQIP  Evaluation  Process. 
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Basic  Data/Program  Inputs  Evaluation  and  Analysis  Verification  and  Review 


Data  and  Cost-effectiveness  Summary 

The  data  for  this  evaluation  were  developed  by  SCS  and 
Reclamation  for  use  in  this  evaluation.  All  costs  (January 
1986)  and  interest  or  discount  rates  (8  5/8  percent)  have 
been  adjusted  to  the  same  base.  The  cost-effectiveness 
figures  are  summarized  on  table  1. 


Base  Conditions 


Long  term  historical  flow  and  salinity  conditions  for  the 
Colorado  River  at  Imperial  Dam  are  depicted  on  figures  5 and 
6,  respectively.  Figure  5 shows  the  amount  of  water  that 
reached  Imperial  Dam  in  1985  was  almost  15  million  acre- 
feet.  Since  the  1966  closure  of  Glen  Canyon  Dam,  with  few 
exceptions,  flows  at  Imperial  Dam  have  fluctuated  within  the 
narrow  range  of  5 to  6 million  acre-feet,  primarily  due  to 
the  filling  of  Lake  Powell  (1963-1980)  and  regulated  dis- 
charges to  the  Lower  Basin. 

The  additional  water  in  1980,  1983,  1984,  1985,  and  1986  had 
a dramatic  dilution  effect  on  the  salinity  concentrations  at 
imperial  Dam.  Figure  6 shows  an  average  annual  value  of  607 
mg/L  in  1985,  the  lowest  level  of  the  period  1941-1985.  It 

JJpeJ”thaJ  the  1986  salinity  level  will  be  even  lower  than 
the  1985  value. 


he  1986  salinity  reductions  at  Imperial  Dam  were  again  due 
to  excess  flow  and  are  expected  to  have  a continuing  but 

ftn?MnoYo1inpa?tv,0nufUtUre  salinity  projections.  Due  to  the 
lushing  out  of  higher  TDS  water  in  the  major  reservoirs, 

current  salinity  reductions  will  also  have  a continuing 

Sn?Ch«°n  term  (10_year)  salinity  projections,  but 

will  have  little  impact  on  long-term  projections. 

Reclamation  estimates  that  normal  flows  could  increase  the 
salinity  levels  back  to  the  800  mg/L  range  in  6-7  years. 

Current  flow  and  salinity  conditions  (1980-1985)  at  Imperial 
Dam  are  shown  in  figures  7 and  8 . On  a monthly  time  scale, 
are  readily  apparent.  Although  the  monthly  rate  of  chanqe 
of  salinity  can  vary  significantly  at  Imperial  Dam,  the  9 
important  trend  to  note  is  the  overall  rate  of  chanqe  of  TDS 
over  the  past  three  to  four  years.  This  genera?  t^nd 
demon-strates  the  effects  of  "damping"  of  the  river  svstam 
upon  high  flows.  The  same  "damping"  effect  will  be  lxpe?ted 
when  a dry  cycle  or  low  flows  occur  in  the  river  system? 
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Table  1.  Salinity  Control  Unit  Cost-effectiveness  Summary 


Potential 

Salt 

Reduction 
( kton/yr ) 

Salt 

Reduction 
to  Date 
( kton/yr ) 

Cost- 

effect  ivene 
( $/ton ) 

Meeker  Dome  (BR) 

48.0 

48.0 

3/  14 

Las  Vegtas  Wash,  Whitney  (BR)  1/ 

10.0  2/ 

16 

Las  Vegas  Wash,  Stg  II  (BR) 

66.0  2/ 

17 

Virgin  Valley  (USDA) 

37.2 

20 

Las  Vegas  Wash,  Pittman  (BR)  1/ 

7.0 

7.0 

24 

Big  Sandy  (USDA) 

52.9 

25 

Grand  Valley  (USDA) 

230.0 

27.3 

25 

Lower  Gunnison,  WW  (BR) 

78.5 

28 

Paradox  Valley  (BR) 

180.0 

38 

Lower  Gunnison  2 Delta  (USDA) 

104.7 

39 

Moapa  Valley  (USDA) 

19.5 

41 

Lower  Gunnison  1 (USDA) 

82.1 

61 

Lower  Gunnison  2 Montrose  (USDA) 

81.7 

65 

Mancos  Valley  (USDA) 

8.8 

67 

Price-San  Rafael  Rivers  (BR/USDA) 

52.3 

70 

Lower  Gunnison  3 (USDA) 

12.0 

70 

McElmo  Creek  (USDA) 

38 . 0 

78 

Uinta  Basin  (USDA) 

98.2 

15.6 

82 

Uinta  Basin  Stage  I (BR) 

25.5 

88 

Dolores  Project  (BR) 

23.0 

95 

Grand  Valley  Stage  Two  (BR) 

120.3 

96 

Dirty  Devil  River  (BR) 

20.9 

98 

Sinbad  Valley  ( BLM ) 

7.5 

102 

Lower  Virgin  River  (BR) 

44.4  4/ 

113 

Glenwood-Dotsero  Springs 

287.0 

117 

Grand  Valley  Stage  One  (BR) 

24.0 

21 . 9 

121 

Lower  Gunnison  Stage  I Balance  (BR)  66.3 

190 

Grand  Valley  Stage  Two  Balance  (BR)  23.2 

307 

Lower  Gunnison  N Fork  (BR) 
San  Juan  River  (BR) 

Uinta  Basin  Stage  II  (BR) 
Big  Sandy  River  (BR) 

PVID  ( BR/USDA ) 


1/  Stage  I. 

2/  Best  estimates  at  this  time. 

3/  Cost  effectiveness  based  on  19,000  tons.  Almost  29,000  tons  were 
removed  prior  to  salinity  control  program. 

4/  Includes  24,000  tons  attributed  to  AWT  flows;  cost  effectiveness  is 
based  on  a reduction  of  20,400  tons. 
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1940  45  50  55  60^®****^5  70  75  80  1985 

Figure  5.  - Historical  flows  at  Imperial  Dam. 


Figure  6.  - Historical  salinity  levels  at  Imperial  Dam, 
flow-weighted  average  annual  estimates. 
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TDS  IN  MG/L  FLOW  IN  1000  ACRE/FEET/MONTH 


Figure  7.  - Current  flows  at  Imperial  Dam;  all  figures  based 
on  monthly  mean  averages. 


Figure  8.  Current  salinity  at  Imperial  Dam;  all  figures 
based  on  monthly  mean  averages. 
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The  base  condition  from  which  all  salinity  projections  are 
made  assumes:  a starting  salinity  at  1986  levels,  existing 

levels  of  development,  scheduled  developments  for  predic- 
tions, and  existing  salinity  control  units  operating  at 
existing  levels  (119,800  tons  per  year). 

The  base  condition  for  the  evaluation  assumes  that  no  more 
funds  would  be  expended  on  salinity  control  after  FY  1986. 
Consequently,  only  the  completed  salinity  control  units  or 
portions  of  units  shown  below  are  considered  in  the  base: 

Unit  Tons/ Years Removed 


1.  Grand  Valley  Stage  One  21,900 

2.  Grand  Valley  (USDA)  27,300 

3.  Meeker  Dome  48,000 

4.  Uinta  (USDA)  15,600 

5.  Las  Vegas  Wash  (Pittman  Bypass)  7,000 


Total  119,800 


BLM  well  plugging  reducing  7,000  tons  annually  of  salt  load- 
ing was  not  entered  into  the  CRSS  computations  because  infor- 
mation was  not  available  by  river  reach.  Total  reduction  is 
126,800  tons;  but  CRSS  analysis  used  119,800  tons. 

The  depletion  schedule,  estimated  by  Reclamation's  Upper 
Colorado  Regional  Office  in  Salt  Lake  City,  Utah,  and  used 
in  the  CRSS  model  base  projection,  is  shown  in  figure  9. 

Also  represented  are  the  Forum's  historical  and  projected 
depletions  extracted  from  the  1984  Forum  Report  and  Review. 
The  graph  shows  that  the  official  1986  Reclamation  depletion 
projections  closely  approximate  the  moderate  projection  in 
the  1984  Forum  Review. 

The  base  conditions  were  input  into  a computer  model,  the 
CRSS,  which  evaluates  the  effect  of  development  on  flows  and 
salinity  in  the  Colorado  River  Basin.  Figure  10  shows  a 
prediction  of  the  range  of  possible  salinities  based  on  15 
combinations  of  different  past  historical  flows.  The  range 
shown  is  by  no  means  the  minimum  and  maximum  possible.  The 
more  extreme  the  hydrology,  the  more  extreme  the  salinity. 
However,  the  figure  does  demonstrate  how  much  variation  in 
salinity  is  likely  in  any  one  year  based  on  past  experience. 
The  figure  also  shows  how  salinity  increases  with  time  as 
the  scheduled  development  comes  on-line.  The  CRSS  sensi- 
tivity analysis  also  showed  the  "damping  effect"  discussed 
under  "Base  Conditions." 
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Figure  9.  - Comparison  of  Upper  Basin  depletion  projections. 


1980  1990  2000  2010 


Figure  10. 


Year 

Salinity  projections  at  Imperial  Dam  without 
further  controls. 
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In  defining  the  new  TDS  projections  at  Imperial  and  salt 
load  reduction  objectives,  a CRSS  sensitivity  analysis  was 
made  to  examine  the  relative  effects  of  initial  reservoir 
conditions,  depletion  projections,  and  salinity  flow  rela- 
tionships. The  sensitivity  analysis  showed  that  any  effect 
of  lower  initial  reservoir  contents  is  damped  within  2 to  3 
years  and  does  not  impact  long-term  salinity  projections. 

In  comparing  the  1986  salt  load  reduction  objective  with  the 
1985  objective,  the  sensitivity  analysis  showed  that  the 
189,000  ton  per  year  decrease  is  attributable  to  the 
following  effects: 


Revisions  in  hydrologic  input  data 
Decreased  depletion  assumptions 
Changes  in  TDS/flow  coefficients 


-47  percent 
-33  percent 
-20  percent 


Details  of  the  CRSS  sensitivity  analysis  are  summarized  in 
the  Appendix. 


The  average  salinity  at  Imperial  Dam  is  projected  to  reach  about 
963  mg/L  by  the  year  2010.  Using  the  salinity  projections 
at  Imperial  Dam,  the  salt  load  reductions  needed  to  reduce 
projected  salinity  levels  to  the  numeric  criteria  level  of 
879  mg/L  were  estimated  to  be  1.09  million  tons  per  year 
by  the  year  2010.  The  required  salt  load  reductions  are  in 
addition  to  that  already  removed  and  are  referred  to  as  the 
program  objective. 


Least  Cost  Investment  Model 


Reclamation,  in  association  with  Colorado  State  University, 
has  developed  a computer  model  to  evaluate  program  invest- 
ment levels.  This  program  was  used  to  develop  a comprehen- 
sive schedule  that  minimizes  the  total  remaining  investment 
cost,  meets  the  program  needs  beyond  the  next  decade,  and 
minimizes  interest  payments  from  the  Lower  Colorado  River 
Basin  Development  Fund.  Additionally,  the  Lower  Colorado 
River  Basin  States  must  be  able  to  annually  repay  their 
share  of  the  Federal  construction/implementation  costs  from 
the  Lower  Colorado  River  Basin  Development  Fund,  revenues 
derived  from  a mill  levy  on  power  generation  in  the  Lower 
Basin . 

The  model  was  designed  to  be  a flexible  tool  for  ongoing 
analysis  of  salinity  control  needs.  Budget  values  and  the 
salt  load  reduction  objectives  are  user-defined  and  may  be 
changed  easily  as  new  information  becomes  available.  The 
values  used  in  the  present  analysis  are  given  in  Appendix 
Table  C-l.  Other  data  required  by  the  model  are  total 
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period,  and  expected  annual  salt  load  reduction  for  each 
project.  A 4-year  lag  time  has  been  set  in  the  model  to 
account  for  the  delayed  impact  of  Upper  Basin  salinity 
control  projects  due  to  storage  and  mixing  in  Lakes  Powell 
and  Mead. 

Costs  are  also  defined  to  include  the  following  items: 
Reclamation  and  BLM  projects 


- Advance  planning  costs  incurred  after  project 
authorization 

- Construction  costs  allocated  to  salinity  control 

- Interest  during  construction 

- Habitat  replacement  costs 

USDA  projects 

- Federal  construction  cost-share 

- Federal  habitat  replacement  costs. 

Adequate  or  preliminary  data  are  available  for  nine 
Reclamation,  one  BLM,  and  eight  USDA  projects  that  are 
included  in  the  present  analysis.  The  project  data  used  in 
the  least  cost  investment  model  are  displayed  in  Appendix  C-2. 
Some  of  these  projects  were  split  in  sections  and  some  were 
given  fixed  construction-start  dates.  The  "fixed  starts" 
would  cost  approximately  $348  million  to  complete.  These 
projects  are  under  construction  or  awaiting  construction, 
including  the  USDA'S  McElmo  Creek,  which  is  tied  directly  to 
the  salinity  control  portion  of  Reclamation's  ongoing 
Dolores  Project. 

Not  only  does  the  selected  investment  level  have  to  meet  the 
long-term  reduction  goal  in  2010,  but  it  also  must  provide 
assurance  of  remaining  above  the  objective  reduction 
requirements  for  the  interim  period.  The  objective  reduc- 
tions for  the  entire  period  of  analysis  are  based  on  average 
hydrology  for  the  basin  which  means  that  the  numeric  cri- 
teria will  be  met  at  least  50  percent  of  the  time. 


Scenario  Evaluation 


The  basic  process  followed  for  investment  level  evaluation 
is  summarized  in  the  following  steps: 

1.  Establish  base  conditions  for  the  CRSS  model  consid- 
ering pre-1986  basin  hydrology,  current  depletion  esti- 
mates, and  completed  salinity  control  projects. 
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2.  Develop  a salt  load  reduction  objective  to  the  year 
2010  (see  table  2)  reflecting  base  conditions  with  no 
other  salinity  control  activity  under  future  conditions. 

3.  Identify  DOI/USDA  fixed  construction  starts  that 
satisfy  current  authorizations  and  other  physical  and 
institutional  constraints. 

4.  Use  the  least  cost  investment  model  to  initially 
generate  the  optimal  combination  of  projects  and  con- 
struction timing  that  meet  the  objective  salt  load 
reduction  to  the  year  2010  at  the  least  overall  cost. 

5.  Adjust  construction  starts  to  meet  the  objective  in 
all  years  and  to  complete  the  projects  that  were  ini- 
tially selected  by  no  later  than  2009. 

6.  Delete  and/or  trade  off  projects  considering  insti- 
tutional constraints  without  regard  to  cost  constraints 
while  still  meeting  the  objective. 

7.  Check  for  program  continuity  to  see  if  the  plan 
makes  sense  with  respect  to  authorization,  funding,  and 
proposed  construction  schedule. 

8.  Compare  total  investment  costs  and  annual  costs  of 
the  schedule  generated  under  the  least  cost  investment 
model  against  repayment  capacity  of  the  Lower  Basin 
Development  Funds. 

9.  Select  the  investment  level  schedule  that  satisfies 
repayment  capacity,  minimum  investment,  and  salt  load 
reduction  requirements. 

10.  Run  a CRSS  verification  to  see  if  the  proposed 
construction  schedule  would  meet  the  salt  load  reduction 
objective . 

After  modifications  for  program  continuity  were  made  to  the 
investment  level  selected  by  the  computer,  the  resulting 
investment  level  was  determined  to  be  $498  million.  The 
"fixed  start"  projects  remain  as  those  projects  that  are 
"fixed"  in  terms  of  current  program  commitments/constraints 
for  construction  or  implementation. 

The  recommended  plan  is  shown  in  figure  11  at  an  investment 
of  $498  million.  This  schedule  is  subject  to  change  in 
future  years  as  better  data  are  developed.  Figure  12  shows 
annual  funding  requirements  for  Reclamation's  construction 
program  and  USDA's  cost-share  requirements  and  indicates 
that  the  program  funding  requirements  are  spread  over  the 
life  of  the  program. 
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Table  2.  Salt  Load  Reduction  Targets  Used 
in  the  Least  Cost  Investment  Model 


YEAR 

SALT  LOAD  REDUCTION 
TARGET  (kTon)  1/ 

1986 

0 

1987 

0 

1988 

0 

1989 

0 

1990 

0 

1991 

0 

1992 

88 

1993 

113 

1994 

143 

1995 

181 

1996 

227 

1997 

280 

1998 

342 

1999 

412 

2000 

488 

2001 

567 

2002 

648 

2003 

727 

2004 

801 

2005 

869 

2006 

930 

2007 

982 

2008 

1025 

2009 

1061 

2010 

1091 

1/  Targets  were  computed  for  Imperial  Dam  and  shifted 

forward  4 years  to  allow  project  impacts  to  completely 
pass  through  Lakes  Powell  and  Mead. 
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Sar!86-Mov.  20,  1 886 


Recoeiended  Plan  - 1498  Million  1/ 

1.081  Million  Ton  Reduction 

Description  fears 

1985  1986  1987  i>88  1989  1980  1991  1992  1993  1994  1995  1996  1997  1998  1999  2000  2001  2002  2003  2004 

* Grand  valley  Stage  II  2/  mmmmmmmmmmmmmmmimimimmmmmmmmmmmm 

* Parador  mimunmmmmmim 

* Dolores  3/  ! Ummmumm 

* Loner  Gunnison  Winter  Mater  1 \iimimninmi 

* las  Vegas  Mash  - Mhitner  ! — i mmmmnmi 

Uinta  Stage  I I Uuiuiimimmmmmmumuuinmm 

loner  Virgin  1 \uillllliuillliu 

Pnce-San  Rafael  (coordinated)  4/  ! limmiimimmmzunimmmnm 

* Grand  valley  - uso*  mmmmmimmmmmmmiimimmmmmmiimiuimmmmmiiimiimmm 

* Uinta  - uso*  mummimuiiiiinmmmmmmmimmmummmmnmmimimmmimmmmmmmi 

toner  Gunnison  i - usd*  ‘r—lmiiiuiitiimimtmiiiiniuuituiiiumiiiiimmiimmmm 

Loner  Gunnison  2 - Montrose  - usd*  ! — 

loner  Gunnison  2 - Delta  - USD*  l-—\mimuimimmimuinnmmimmmimm 

loner  Gunnison  3 - USD*  I — \miimmmmi 

noapa  Valley  - USD*  ! mmmmnmi 

* iicfleo  Creek  - usd*  ! iiiniiiiniiiiiuiimiiiiiniiiiiniiiiii 

Dig  Sandy  - uso*  ! — [iimmumiiiiiiiiimumiimiuiui 

1/  Inforeation  based  on  1986  data  tables. 

2/  2’s  mm  designate  construction  activities. 

3/  lines  1 1 designate  advance  planning  activities  for  Reclanation  and 

technical  assistance  activities  for  USD*. 

4/  Currently  not  included  in  USD*  Schedule. 

* Fixed  starts 

Mote.  Units  not  included:  Redaeation:  USD*:  Completed  Units: 

•Data  not  available  Grand  Valley  II,  lalance  Virgin  Valley  Meeker  Done 

loiter  Gunnison  1,  lalance  Mancos  Valley  Grand  Valley  Stage  I 

•loner  Gunnison  North  Fork  'Palo  Verde  Irrig.  Dist.  las  Vegas  Mash  ■ Pitteen 

las  Vegas  Mash  Stage  II 
•Uinta  Stage  II 
Dirty  Devil  River 
•Palo  Verde  Irrtg.  Dist. 

•Dig  Sandy 
•San  luan 
Smbad  Valley 
Glenuood-Dotsero  Springs 

Figure  11.  Recommended  plan  with  remaining  Investment  of  $498  million. 
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Annual  Funding  Requirements 


suoTTIIm  UT 

SJEJJOQ 


Q. 

X 

<v 

c 

c 

a 


in 


Figure  12.  - Annual  funding  requirements. 
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November  24,  1986 


The  repayment  analysis  for  the  recommended  plan  ($498 
million)  was  calculated  at  an  interest  rate  of  12  3/8  in 
1985  and  10  5/8  percent  interest  for  the  rest  of  the  years. 
Over  the  study  period  (1986-2010),  the  total  amount  of  money 
available  in  the  Lower  Colorado  River  Basin  (LCRB)  fund  is 
sufficient  to  meet  capital,  O&M,  and  interest  payments  for 
the  plan.  Without  any  inflation  considered  in  the  analysis, 
at  the  end  of  the  study  period,  the  fund  will  have  a $77.25 
million  surplus.  If  an  average  rate  of  3.8  percent  infla- 
tion is  assumed,  any  surplus  will  be  eliminated  with  total 
available  funds  matching  total  expenditures  at  the  end  of 
the  period. 

Alternative  investment  scenarios  were  examined  to  estimate 
the  potential  impacts  of  high  risk  projects  such  as 
Paradox  Valley  and  Lower  Virgin  River  Units  failing  to  reach 
expected  salt  loading  reductions.  Due  to  the  potential 
control  magnitude  of  these  units,  it  is  essential  that  if 
alternative  controls  are  needed,  the  substitute  projects  be 
initiated  prior  to  1992  in  order  to  meet  overall  salt  load 
reduction  objectives.  Other  investment  scenarios  were  eva- 
luated by  adding  only  viable  Interior  projects  and  only  USDA 
projects  to  the  existing  "fixed  starts"  plan.  The  salt  load 
reduction  objectives  could  not  be  met  with  either  of  these 
scenarios.  Hence,  it  is  imperative  that  a select  mix  of 
USDA  and  Interior  projects  continue  to  be  retained  in  future 
investment  scenarios. 

Some  unanticipated  delays  in  program  accomplishment  can  be 
tolerated  without  hindering  the  ability  to  meet  the  ultimate 
objective.  However,  any  significant  imposed  delays  in 
program  implementation  will  result  in  the  following  impacts: 

Increased  construction  costs  due  to  inflation 

Administrative  problems  of  maintaining  staff  and 
funding  support  for  long-term  projects  (10-15  year 
construction  period) 

Significant  program  changes,  magnified  by  any  delays, 
if  the  unsuccessful  performance  of  a single  large 
project  such  as  the  Paradox  Valley  Unit  occurs  since 
no  redundancy  exists  within  the  program. 

Decreased  capability  to  react  to  dry  cycle  hydro- 
logic  changes  (drought  conditions)  in  the  Basin 

Possible  problems  regarding  the  validity  of  coopera- 
tive agreements  and  contracts  needed  with  individuals 
and  governmental  entities  that  require  long  lead 
times  to  develop. 
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Appendix  A 


Data  Tables 
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Total  Salinity  Construction  Costs 

121,0-10,  138 

2-1,252,5-10 

52,000,000 

2. 

Advance  Planning  Costs 

0 

6 

3. 

Habitat  Replacement  Costs 

0 

6 

0 

-1. 

I DC  (Economc) 

5,  188,06-1 

3,20-1,283 

0 

5. 

Investment  Cost 

126,228,202 

22,961,823 

52,000,000 

6. 

Annual  Equivalent  Investment  Costs 

11,063,902 

6,833,351 

1,996,050 

r7  . 

Annual  Salinity  OttftR  Costs 

-103,039 

251,522 

560,000 

e. 

Annual  Economic  Cost  of  Power 

9. 

Annual  N ft  E ( osf.s 

288,982 

10. 

Rnnual  Habi tal  OM&R  Costs 

18, 152 

22,  1-16 

1 1 . 

Annual  Salinity  Costs 

11,515,093 

2, 1 12,021 

5,853,032 

12. 

Tons  of  Salt  Removed  Annually 

116,380 

23,206 

230,000 

13. 

Cost  Effectiveness  - S/ton 

99 

30? 

25 

77 


DT98biCRU0IP  DATR  T ABLE  - Sept , 1986 

Page  5 of  22 

BR 

BR 

BR 

ParadoK 

Louar  Gunni  son 
Stage  One 
Winter  Mater 

Lower  Gunni son 
Stage  One 
Oef  erred 

COLORADO 

COLORADO 

COLORADO 

Date  of  Estimate: 

18/05 

Interest  Rate: 

8.632 

Estlnate  Rdjustnorit  for  l/8b: 

188 . 0CCi 

lN8fc  Interest  Rate 

8 • 632 

IOC  Rdjustnent  for  l/8b: 

e.eer 

Pro  j 

ect  Rrea 

1. 

Irrigated  Rrea  Ctotal  acres') 

2. 

Potential  Par ti ci pant s : 

a.  Individuals  Cnusber) 

b.  Groups  fnutiber) 

3. 

Canals  Ctotal  niles) 

•1. 

Laterals  Ctotal  rules) 

5. 

Point  Sources  (nunbar) 

b. 

Other 

Sal  t 

Load  Contribution 

1. 

On-farn  (tons/year) 

2. 

Canal s f tons/year} 

3. 

Laterals  (tons/year) 

<1. 

Point  Sources  t tons/year ) 

285,800 

5. 

Other  Ctons/year? 

I npl  orientation  Plan 

1. 

Construction  Start  (year) 

198b 

2. 

Construction  Period  (years) 

3. 

Expected  Parti cipants : 

a.  Individuals  Cnunber) 

b.  Groups  Cnunber) 

■1. 

On-farn  Practices: 

a.  Treated  Rrea  (acres) 

b.  Land  Leveling  (acres) 

c.  Sprinkler  Systens  (acres) 

d.  Farn  Ditches/Pipelines  (wiles) 

5. 

Canal  Lining  (nil  as) 

6. 

Lateral  Lining  (niles) 

? . 

Pipe  Laterals  (niles) 

8. 

Winter  Mater  Systonr-  (niles) 

9. 

Collection  Features  (type) 

shallow  wells 

10. 

Delivery  Systens  (type) 

pi  pel l no 

1 1 . 

Disposal  Facilities  (typo) 

deep  tael  1 i nj 

1?. 

Habi tat  Replacenent  (acres) 

Salt 

Load  Reduction 

1 . 

To  date: 

a.  On-farn  (tons/year) 

b.  Canals  (tons/yeor) 

c.  Laterals  (tons/year) 

d.  Point  Sources  (tons/year) 
o.  Other  (tons/year) 

2. 

Pot  enti al /Bal ance : 

a.  On-farn  (tons/year) 

b.  Canal s (tons/year) 

c.  Laterals  Ctons/year) 

d.  Point  Sources  Ctons/year) 

180,000 

e.  Other  Ctons/year) 

1/86 

8.63X 

100.002 

0.63X 

0.002 


28 , 550 

i9«e 

3 


20,550 


1/85 

8.632 

101.282 

8.632 

e . 002 


1998 

b 


5P.90 

195.-18 


2,  188 


66 . 308 


Data  Sou>  ca: 


MPO/PF-65  Intarm  Update  1/8*1  FR/FES 
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BR 

BR 

BR 

Par edox 

Lower  Gunnison 
Stage  One 
Winter  Ueter 

Lower  Gunni son 
Stage  One 
Def  err  ed 

COLORADO 

COLORADO 

COLORADO 

Economc  and  Financial  Flnalyses 

Departnent  of  the  Intori  or: 

1.  Plan  Fornulation  Costs 
2-  Nonsalinity  Planning  Costs 
3.  Rdvance  Planning  Costs: 

a.  Prior  to  Author i zati on 

b.  Rftor  Ruthori rati  on 

1.  Nonsalinity  Design  Costs 

5.  Salinity  Const.  Costs  Fo  Date 

6.  Balance  Salinity  Const.  Costs 

2.  Nonsalinity  Construction  Costs 

8.  Habitat  Replacenent  Costs 

9.  Salinity  I DC  : 

a.  Econonic 

b.  Financial 

10.  Nonsalinity  I DC 

a.  Econonic 

b.  Financial 

11.  Salinity  OMftR  Costs  w7o  Power 

12.  Nonsalinity  0H8R  w/o  Power 

13.  Econonic  Cost  of  Power 
1*1.  Financial  Cost  of  Power 
15.  5al.  imty  H 8 E Costs 
lt>.  Nonsalinity  H ft  E Costs 

Departnent  of  Agriculture: 

1.  Technical  flssi  stance  Costs 

2.  M ft  E Costs 

3.  Infornalion  and  Education  Costs 

1.  Federal  Cost-share  Obligations 

5.  Federal  Const.  Cost- share  lo  Date 

6.  Bal  ance  Federal  Const.  Cost-share 

2.  Local  Construction  Cost-share 

8.  Percent  Federal  Cost-share: 

9.  Federal  Habitat  Costs 

10.  Local  Habitat  Costs 

11.  Other  Local  Costs 

12.  Local  OftH  Costs 

13.  Annual  Value  of  Repl  acenent  Costs 
11.  Feder  al  I DC 

Cost  Effectiveness: 

1.  Total  Salinity  Construction  Costs 

2.  Advance  Planning  Costs 

3.  Habi tat  Replacenent  Costs 

1 . IDE  CEcononic) 

5.  Investnent  Costs 

6.  Annual  Equivalent  Invostnent  Costs 

2.  Annual  Salinity  OHftR  Costs 

8.  Annual  Econonic  Cost  of  Power 

9.  Annual  M ft  E Costs 

10.  Annual  Habitat  OMftP  Costs 

11.  Annual  Salinity  Costs 

12.  Tons  of  Salt  Ronovod  Annually 

13.  Cost  Effectiveness  - S/ton 


13,308,221 

*19,189,928  12,682,000 


300.000  620,000 

1,005,000 

156.000 


62, *198,619  12,682,000 


62,198,619 

5,128,002 

300,000 

1,005,000 


12,682,000 

1,519,822 

620,000 


6,283,002 

180,000 

38 


?, 169,827 
28,550 
28 


113,882,359 


113,882,359 


113,892,359 

12,61 1,222 


12,611,222 

66,300 

190 
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BR  USDH  USDfl 

Lou»r  Gunnison  Louor  Gunnison  lower  Gunnison 
North  Fork  1 Z Montros* 


COLORRDO  COLORRDO  COLORRDO 


Date  of  Estinate:  2/80  2/80 

Interest  Rate:  0 . B9:<  2 . 382 

Estinate  Rdjustnent  for  1/86: 

l\8f-  Interest  Rate  8.632  8.632 

IDC  Rdjustnent  for  1/86:  0 


Project  Rrea 


1. 

Irrigated  Rrea  (total  acres? 

22,609 

32,968 

2. 

Potential  Parti ci pants : 

215 

a.  Individuals  Cnunbor? 

22 

310 

b.  Groups  (nunbor? 

50 

30 

3. 

Canals  (total  niles? 

96 

20 

9. 

Laterals  (total  niles? 

0 

13 

5. 

Point  Sources  (nunbor? 

0 

0 

6. 

Other 

0 

Salt 

Load  Contribution 

I. 

On-farn  (tons/year? 

66,000 

26,000 

2. 

Canals  (tons/year? 

91,900 

32,800 

3. 

Laterals  (tons/year) 

11,900 

2,900 

9. 

Point  Sources  (tons/year? 

0 

0 

5. 

Other  (tons/year? 

0 

0 

I npl enentati  on  Plan 

1. 

Construction  Start  (year? 

1990 

1989 

1991 

2. 

Construction  Period  (years? 

8 

16 

18 

3. 

Expected  Parti ci pants : 

a.  Individuals  (nunbor? 

220 

230 

b.  Groups  (nunbor? 

15 

15 

9. 

On-farn  Practices: 

a.  Treated  Rrea  (acres? 

20,900 

26,080 

b.  Land  Leveling  (acres? 

8,900 

12,000 

c.  Sprinkler  Systens  Cacres? 

2,600 

3,280 

d.  Farn  Di tches/Pi pel i nos  (niles; 

305 

990 

5. 

Canal  Lining  (niles? 

90.00 

56.00 

6. 

Lateral  Lining  (niles? 

9 

3 

7 . 

Pipe  Laterals  (niles? 

28 

8 

e. 

Mi ntor  Mater  Systens  (niles? 

0 

0 

9. 

Collection  Features  (type? 

0 

0 

10. 

Delivery  Systen3  (typo? 

0 

0 

11. 

Disposal  Facilities  (type? 

0 

0 

12. 

Habitat  Replacenent  (acres? 

958 

1,300 

Salt  Load  Reduction 
1.  To  date: 

a.  On-f arn  (tons/year? 

b.  Canals  (tons/year? 

c.  Laterals  (tons/year? 

d.  Point  Sources  Cions/ysrr) 

e.  Other  (tons/year? 

Z.  Potenti al /Bal ance : 

a.  On-farn  (tons/year? 

b.  Canal s (t.ons/y ear) 

c.  Laterals  (tons/year? 

d.  Point  Sources  (tons/year? 

e.  Other  (tons/year? 


0 

0 

0 

0 

0 

38 , r’00 
39,000 
9,900 
0 
0 


0 

0 

0 

0 

0 

98,300 

31,000 

2,980 

0 

0 


Data  Source: 


SCS/CO  SCS/CO 
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BP  USPR  USD8 

Lower  Gunni  son  Lower  Gunni  son  Lower  Dunni  son 
North  Fork  1 2 Montrose 


COLORADO  COLORADO  COLORADO 


Econom  c and  Financial  Analyses 


Department  of  the  Interior! 


1.  PI  on  Formulation  Costs 
2-  Nonsalinity  Planning  Costs 
3.  Advance  PI anni ng  Costs: 

a.  Prior  to  Author!  aati  on 

b.  Rfter  Ruthori zali on 
1.  Nonsalinity  Design  Costs 

5.  Salinity  Const.  Costs  Co  Date 

6.  Balance  Salinity  Const.  Costs 

7 . No  nsalinity  Construction  Costs 
0.  Habi tat  Replacement  Costs 

9.  Salinity  IDC: 

a.  Economic 

b.  Financial 

10.  Nonsalinity  IDC 

a.  Economic 

b.  Financial 

11.  Sal  ini ty  OHftR  Costs  w/o  Power 

12.  Nonsalinity  0N8R  w2p  Power 

13.  Economic  Cost  of  Power 
11.  Financial  Cost  of  Power 

15.  Salinity  M ft  E Costs 

16.  Nonsalinity  M ft  E Costs 

Department  of  Agriculture: 


1 . 

Technical  Rssi stance  Costs 

16,682,000 

12,203,000 

2. 

M {1  E Costs 

2, 18ft, 000 

2,196,000 

3. 

Information  and  Education  Costs 

1,600.000 

1,800,000 

1. 

Federal  Cost-share  Obligations 

30 , 230 , 100 

32,611,000 

5. 

Federal  Const.  Cost- share  To  Date 

0 

0 

6. 

Balancs  Federal  Const.  Cost-share 

30,230,  100 

32,611,000 

7 . 

Local  Constructi on  Cost-share 

13,  120,000 

13,926,000 

e. 

Fer  cent  Federal  Cost-share: 

70 

20 

9. 

Federal  Habitat  Costs 

0 

0 

10. 

Local  Habitat  Costs 

0 

0 

1 1 . 

Othor  Local  Costs 

0 

0 

12. 

Local  OftH  Costs 

ft39 , 000 

166,000 

13. 

Annual  Dal  ue  of  Replacement  Costs 

■186,000 

516,000 

1ft. 

Federal  IDC 

0 

0 

Cost  Effectiveness: 

1 . 

Total  Salinity  Constr ucti on  Costs 

■19,012,  100 

52, 1 11,000 

2. 

Advance  PI anni ng  Costs 

0 

0 

3. 

Habi tat  Replacement  Costs 

e 

0 

* . 

I DC  (Economic) 

0 

0 

5. 

Subtotal  Investment 

•19.012,  100 

52, 111,000 

6. 

Annual  Equivalent  Investment  Costs 

1,295,911 

1,562,292 

7. 

Annual  Sal l ni ty  OHftf  Costs 

18b, 00P 

516, 009 

e . 

Annua]  Economi  c Cost  of  Pouor 

0 

9. 

Annual  M ft.  E Costs 

191,126 

218,221 

10. 

Annual  Habi tot  OMftR  Costs 

0 

0 

11  . 

Annual  Salinity  Costs 

1,923,330 

5 , 302 562 

12. 

Tons  of  Salt  Removed  Annually 

02, 100 

8 1 , 200 

13. 

Co:<t  Effectiveness 

61 

65 
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USDA 

USDR 

BR 

Lower  Gunni son 

Lower  Gunni son 

Dol ores 

2 Delta 

3 

COLORADO 

COLORADO 

COLORADO 

Data  of  Estimate: 

2/88 

2/B0 

10/05 

Interest  Rata: 

2 . 382 

2.382 

8.632 

Estimate  Adjustment  for  1/86: 

100.002 

1N86  Interest  Rate 

8.632 

8.632 

8.632 

IDC  Adjustment  for  1/86: 

0 

• 

0 . 002 

Project  Area 

1 . 

Irrigated  Area  Ctotal  acres) 

26,662 

62,366 

2. 

Potential  Par ti ci pant s : 

a.  Individuals  Cnumber) 

255 

595 

b.  Groups  (number) 

25 

68 

3. 

Canals  'total  miles) 

ee 

• 

9. 

La+.er«ls  (total  ni  l«s) 

23 

0 

5. 

Point  Sources  (number) 

0 

9 

6. 

Other 

0 

0 

Salt 

Load  Contribution 

1. 

On-farm  (tons/year) 

92,000 

32,000 

2. 

Canals  (tons/year) 

92, 100 

9 

3. 

Lateral s (tons/year) 

5,300 

9 

9. 

Point  Sources  (tons/year) 

0 

0 

5. 

Other  (tonj/year) 

0 

0 

Implementation  Plan 

1. 

Construction  Start  (year) 

1991 

1992 

1989 

2. 

Construction  Period  (years) 

13 

3 

3 

3. 

Expected  Parti ci pants : 

a.  Individuals  (number) 

200 

950 

b.  Groups  (number) 

15 

30 

•1. 

On-farm  Practices: 

a.  Treated  Rrea  Caere*} 

21,300 

50,000 

b.  Land  Leveling  (acres) 

9,900 

23,209 

c.  Sprinkler  Systems  (acres) 

3, 100 

9 

d.  Farn  Di  tches/Pi  pel  1 ner.  Cni  1 05) 

360 

0 

5. 

Canal  Lininq  (miles) 

20 

0 

6. 

Lateral  Lining  (miles) 

9 

0 

2. 

Pipe  Laterals  (miles) 

19 

t 

0. 

Winter  Water  System*  (rules) 

0 

0 

9. 

Collection  Features  (type) 

0 

ft 

le. 

Delivery  Systems  (type) 

0 

9 

u. 

Disposal  Facilities  (typo) 

0 

0 

12. 

Habitat  Replacement.  (acres) 

1,  100 

500 

Salt 

Load  Reduction 

1. 

To  date: 

a.  On- f arm  Ct ons.-'year ) 

0 

9 

b.  Canal s (tons/yoor) 

0 

0 

c-  Laterals  (tons/year  J 

0 

0 

d . Point  Sources  (tons/year) 

0 

0 

e.  Other  (tons/y«a» ) 

0 

0 

2. 

Pot.enti  al  /Bal  ance: 

a.  On-f arm  (tons/year) 

61,600 

12,000 

b.  Canal s (tons/gear) 

38,200 

9 

23 , 000 

c.  Laterals  (tons/year) 

9,900 

0 

d.  Point  Sources  (tons/yoar) 

0 

0 

e.  Other  (tons/gear) 

0 

0 

1/  Deferred  ponding  l denti f i cati  on  of  beneficial  use  of  water 


Data  Source 


SC S/CO 


SC S/CO  PF -65 
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USDR  USDA  BR 

Lower  Ounni son  Lower  Gunnison  Dolor as 

2 Dolt*  3 


COLORADO  COLORRDO  COLORADO 


Economic  *nd  financial  Analyses 

Department.  of  the  Interior! 

1.  Plan  Formulation  Costs 

2.  Nonsalinit.y  Planning  Costs 

3.  Advance  PI anni ng  Costs: 

a.  Prior  to  Author i zati on 

b.  After  Author i zati on 
9.  No  nsalinit.y  Design  Costs 

5.  Salinity  Const.  Costs  To  Date 

6.  Balance  Salinity  Const.  Costs  25,090,000 

2.  Nonsalinit.y  Construction  Costs 

8.  Habitat  Replacement  Costs 

9 . Sal i ni ty  I DC : 

a.  Economic 

b.  Financial 
16.  Nonsalinity  I DC 

a.  Economic 

b.  Financial 

11.  Salinity  CHIRR  Costs  w/o  Power 

12.  Nonsalinity  0M8R  w/o  Power 

13.  Economic  Cost  of  Power 
19.  Financial  Cost  of  Power 
15.  Salinity  H ft  E Costs 
It.  Nonsalinit.y  M 8 E Costs 


Department  of  Agriculture: 


1 . 

Technical  Assistance  Costs 

13,880,000 

2,282,000 

2. 

H ft  E Costs 

1,216,000 

968,000 

3. 

Information  and  Education  Costs 

1,200,000 

300,000 

9. 

Federal  Cost-share  Obligations 

2 5,532,000 

5,  135,000 

5. 

Federal  Const.  Cost-share  To  Date 

0 

0 

t. 

Balance  Federal  Const.  Cost-share 

25,532,000 

5,  135.000 

7 . 

Local  Construction  Cost-share 

10,939,000 

2,200,000 

G. 

Percent  Federal  Cost-share: 

20 

20 

9. 

Federal  Habitat  Costs 

0 

0 

10. 

Local  Habi tat  Costs 

0 

0 

11. 

Other  Local  Costs 

0 

0 

12. 

Local  OftM  Costs 

3fc.5 , 000 

23,000 

13. 

Annual  Dal ue  of  Repl acement  Costs 

909,000 

81,000 

19. 

Federal  I DC 

0 

0 

Cost  Effectiveness: 

1 . 

Total  Salinity  Construction  Costs 

90,592,000 

8,222,000 

25,090,000 

2. 

Advance  Planning  Costs 

0 

0 

3. 

Habitat  Replacement  Costs 

0 

l 

9. 

IDC  (Economic) 

0 

0 

5. 

Subtotal  Investment 

90,592,000 

8,222,000 

25,090,000 

G. 

Annual  Equivalent  Investment  Costs 

3,552,089 

220,658 

2, 199, 256 

7 . 

Annual  Salinity  OMRR  Costs 

909,000 

81,000 

8. 

Annual  Economic  Cost  of  Power 

0 

0 

9. 

Annual  N ft  E Costs 

150,9a" 

91,020 

10. 

Annual  Habitat  OHftR  Costs 

0 

0 

11. 

Annual  Salinity  Costs 

9, 112,296 

892,629 

2,199,256 

12. 

Tons  of  Salt  Removed  Annually 

109,200 

12,000 

23,000 

13. 

Cost  Effectiveness 

39 

20 

95 
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USDfl 

PR 

USOA 

McEl no 

G1 en  Dot 

Hancos 

COLORADO 

COLORflOO 

COLOR8DO 

Date  of  Estixal*: 

2/81 

1/83 

1/83 

Inltrasl  Rate: 

2.63;; 

8.63* 

2.88* 

Estinat.e  Adjustment  for  1/86: 

18*1 . 69X 

1N86  Intarast  Rate 

8 . 63r: 

8 . 63S 

ft 

CD 

I DC  Adjustment  for  1/86: 

0.80* 

Pro  j 

•ct  Area 

1. 

Irrigated  Area  (total  acres) 

29, 188 

9,200 

2. 

Potential  Par ti ci pants t 
a.  Individuals  (nunber) 

3*12 

95 

b.  Groups  (nunber) 

39 

3. 

Canals  (total  niles) 

189 

9. 

Laterals  (total  niles) 

2 35 

5. 

Point  Sources  (nunber) 

6. 

Other 

Salt 

Load  Contribution 

1. 

On-farn  (tons/year) 

51,888 

13,888 

2. 

Canals  (tons/year) 

18,808 

3. 

Latvrals  C tons/year  ,*» 

9,888 

9. 

Point  Sources  (tons/year) 

129,000 

5. 

Other  (tons/year) 

I npl  orient,  ati  on  Plan 

1. 

Construction  Start  (year) 

1991 

1/ 

J 999 

2. 

Construction  Period  (years) 

2 

3 

•i 

3. 

Expected  Parti ci pants : 

a.  Individuals  (nunber) 

b.  Groups  (nunber) 

238 

52 

15 

9 . 

On-farn  Practices: 

a.  Treated  Area  Cacras) 

19,288 

5,588 

b-  Land  Level  ing  Caches) 

c.  Sprinkler  Systens  (acres) 

19,288 

3,208 

d.  tarn  Oi tches/Pi pel  l nos  (niles) 

33 

5. 

Canal  Lininq  Cniles) 

IP 

6. 

Lateral  Lininq  (niles) 

2. 

Pi po  Laterals  (niles) 

235 

e. 

Winter  Water  Systens  (niles) 

9. 

Collection  Features  (type) 

sp 

boxes  ft  uells 

10 . 

Delivery  Systens  (typo) 

pi  pel  i no 

1 1 . 

Disposal  Facilities  Ctype^ 

evap  ponds 

12. 

Habitat  Replacenont  (acres) 

Salt 

Load  Reduct i on 

1 . 

To  date: 

a.  On-farn  Ctons/year) 

b.  Canals  (tons/year) 

c.  Laterals  (tons/year) 

d.  Point  Sources  (tons/year) 

e.  Other  Ctons/year) 

2. 

Pot  enti  al  /Bal  ance  : 
a.  On-farn  (tons/ya^r; 

29,888 

1,  108 
2,208 

b.  Canal s Ctons/year^ 

c.  Laterals  Ctons/qearO 

9,888 

d.  Point  Sources  (tons/year) 

282,880 

•-  Othar  Ctons/year ) 

1/  Deferred  pandirig  i denti  f icati  on  of  beneficial  use  of  uator 

Dot  a 

Source : 

SCS/CO 
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USDR 

BR 

USDR 

NcE 1 mo 

Glen  Dot 

Nancos 

COLORRDO 

COLORADO 

COLORRDO 

Economic  and  Financial  Analyses 

Department  of  the  Intsriori 

1.  Plan  Formulation  Costs 
2-  Nonsalinity  Planning  Costs 
3.  Advance  Planning  Costs: 

a.  Prior  to  Author i aati on 

b.  Rftor  Ruthori zati on 
1.  Nonsalinity  Design  Costs 

5.  Salinity  Const.  Costs  To  Date 

6.  Balance  Salinity  Const.  Costs  323,512,818 

7.  Nonsalinity  Construction  Costs 

8.  Habi tat  Replacement  Costs 

9.  Salinity  IDC: 

a.  Economic  18,310,212 

b.  Financial 

10.  Nonsalinity  IDC 

a.  Economic 


b.  Financial 

1 1 . 

Salinity  OMftR  Costs  w/o  Power 

2,213,550 

12. 

Nonsalinity  OMftR  w/o  Power 

13. 

Economi c Cost  of  Power 

11. 

Financial  Cost  of  Power 

619,612 

15. 

Salinity  N ft  E Costs 

16. 

Nonsalinity  M ft  E Costs 

Department  of  floriculture: 

1. 

Technical  Assistance  Costs 

10,186,000 

2,238,000 

2. 

HUE  Costs 

1,06.5,000 

51 ,000 

3. 

Information  and  Education  Costs 

1,029,00* 

152,000 

1. 

Federal  Cost-share  Obligations 

12,932,000 

3,521,000 

5. 

Federal  Const.  Cost-share  To  Date 

0 

0 

6. 

Bal ance  Federal  Const.  Cost-share 

12,932,000 

3,521 ,000 

f7  . 

Local  Construction  Cost-share 

9,656,000 

2,312,000 

8. 

Percent  Federal  Cost-share: 

65 

60 

9. 

Federal  Habitat  Costs 

0 

0 

10. 

Local  Habitat  Costs 

0 

0 

1 1 . 

Other  Local  Costs 

0 

0 

12. 

Local  OftM  Costs 

226,000 

59,000 

13. 

Annual  Pal  ue  of  Replacement  Costs 

306,000 

65,000 

11. 

Federal  IDC 

0 

0 

Cost  Ef  f ecti  i/enes  s : 

1. 

Total  Salinity  Construction  Costs 

29,152,000 

323,512,816 

5,903,000 

2. 

Advance  Planning  Costs 

0 

0 

3. 

Habi tat  Replacement  Costs 

0 

0 

1. 

IDC:  (Economic? 

0 

18,310,212 

0 

5. 

Subtotal  Investment 

29,152,000 

31 1 , 823 , 0b0 

5,903,000 

6. 

Annual  Equivalent  Investment  Costs 

2,581 ,168 

29,960,291 

512,398 

2. 

Annual  Salinity  OHftR  Costs 

306 , 000 

2,213,550 

65,000 

8. 

Annual  Economic  Cost  of  Power 

0 

819,612 

0 

9. 

finnual  H ft  E Cost.  3 

93,312 

1 , 120 

10. 

Annual  Habi  tat  OMftR  Costs 

0 

11  . 

Annual  Salinity  Costs 

2,980,615 

33.553,983 

586,868 

12. 

Tons  of  Salt  Removed  Annually 

36,000 

282,000 

8,800 

13. 

Cost  Effectiveness 

26 

112 

62 
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Bk 

USDR 

USOR 

Lower  Virgin  1/ 

Virgin  Valley 

Moapa 

2/ 

NEVROH 

NEVRDR 

MEVROR 

Date  of  Estinate:  1/86 

Interest  Rale:  8.632 

Estinate  Rdjustnent  for  1/86:  180.80;; 

1\86  Interest  Rate  8.632 

I DC  Rdjustnent  for  1/86:  8.00;; 


Project  Rrea 

1.  Irrigated  Rrea  Ctotal  acres) 

2.  Potential  Par ti ci pants : 

a.  Individuals  Cnunber) 

b.  Groups  Cnuiiber) 

3.  Canals  (total  niles) 

1.  Laterals  Ctotal  niles) 

5.  Point  Sources  (number) 

6.  Other 

Salt  Load  Contribution 

1.  On-farn  (tons/year) 

2.  Canals  (tons/year) 

3.  Laterals  (tons/yaar) 

*1.  Point  Sources  Ctons/year)  359,000 

5.  Other  Ctons/year) 

I npl  orient  a ti  on  Plan 

1.  Construction  Start  Cyear)  1995 

2.  Construction  Period  Cyears)  3 

3.  Expected  Parti  ci pants : 

a.  Individuals  Cnunbor) 

b.  Groups  Cnunber) 

1-  On-farn  Practices: 

a.  Treated  Rrea  Cacres) 

b.  Land  Leveling  Cacres) 

c.  Sprinkler  Systens  Cacres) 

d.  Farn  Di tches/Pi pel l nes  (niles) 

5.  Canal  Lining  Cniles) 

6.  Lateral  Lining  (niles) 

2.  Pipe  Laterals  (niles) 

8.  Winter  Water  Systens  (niles) 

9.  Collection  Features  (type) 

10.  Delivery  Systens  Ctype)  12  n i.  pipeline 

11.  Disposal  Facilities  (type) 

12.  Habitat  Replacenent  (acres) 

Salt  Load  Reduction 

1.  To  date: 

a.  On-farn  Ctons/year) 

b.  Canals  (tons/year) 

c.  Laterals  Ctons/year) 

d.  Point  Sources  (tons/year) 

e.  Other  Ctons/year) 

2.  Pot entl  al  /Bal ance : 

a.  On-farn  Ctons/year) 

b.  Canals  Ctons/year) 

c.  Laterals  (tons/year) 

d.  Point  Sources  (tons/yaar)  28,180 

e.  Other  Ctons/year) 


2/88 

2/88 

2.382 

2.382 

8.63X 

8.63:; 

1,625 

1,982 

15 

28 

1 

1 

15.20 

28.00 

12,200 

20,308 

8,200 

1,950 

2,008 

1995 

1990 

3 

1 

15 

20 

1 

1 

3,525 

1,982 

22 

11.38 

6.18 

0.22 

12.80 

open  1 i ned 

pi  pel  i ne 

2,018 

2,811 

30,-10?  12,395 

b , 808  1,835 


220 


1/  Rssunos  582  allocation  of  costs  to  water  supply. 

2/  Based  on  gross  tons  r enoved  at  2-108  nq/L . Rssuning  that  m/o  project 
uater  source  is  RWT  plant  a 1,388  ng/L  reduction  would  occur 
without  the  project.  Using  a net  reduction  of  900  ng/L,  the  cost 
effectiveness  could  exceed  S200/ton. 


Data  Source: 


LCR  3/8(.  SCS/NV  SCS'Nt' 
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BP 

USDR 

USDA 

Lower  Virgin 

Virgin  Valley 

Noape 

NEVADA 

NEVADA 

NEVADA 

Economic  and  financial  Analyses 

Department  of  the  Interiort 

1.  Plan  Formulation  Costs 

2.  Nonsalinity  Planning  Costs 

3.  Advance  PI anni ng  Costs: 

a.  Prior  to  Ruthor i xati on 

b.  After  Ruthor i zati  on 

4.  Nonsalinity  Design  Costs 

5.  Salinity  Const.  Costs  fo  Date 

6.  Bal  ance  Salinity  Const.  Costs  19,600,000 

2.  Nonsalinity  Construction  Costs 

6.  Habitat  Replacement  Costs 

9.  Salinity  IDC: 

a.  Economic 

b.  Financial 

10.  N onsal i ni ty  I DC 

a.  Economi c 

b.  Financial 

11.  Salinity  OHftR  Costs  u/o  Pouor  341,550 

12.  Nonsalinity  OHftR  w/o  Power 

13.  Econonic  Cost  of  Pouor 

14.  Financial  Cost  of  Pouer 

15.  Salinity  M ft  E Costs 

16.  Nonsalinity  M • E Costs 


Department  of  Agriculture: 


1. 

Technical  Assistance  Costs 

2,056,300 

2, 120,500 

2. 

M ft  E Costs 

323,000 

388,000 

3. 

Information  and  Education  Costs 

200,000 

225 , 000 

4. 

Federal  Cost-share  Obligations 

4,455,300 

5 , , 600 

5. 

Federal  Const.  Cost-share  To  Date 

0 

0 

6. 

Balance  Federal  Const.  Cost-share 

4,455,300 

5,064.600 

7. 

Local  Construction  Cost-share 

2,399,000 

2, 120,500 

8. 

Percent  Federal  Cost-share: 

65 

20 

9. 

Federal  Habitat  Costs 

16,400 

125,  100 

10. 

Local  Habi tat  Costs 

8,900 

53,600 

11. 

Other  Local  Costs 

0 

0 

12. 

Local  OftM  Costs 

62,200 

359,600 

13. 

Annual  Val ue  of  Repl aceneni  Costs 

138,400 

96,390 

14. 

Federal  IDC 

0 

0 

Cost  Effectiveness: 

1 . 

Total  Salinity  Construction  Costs 

19,600,000 

6,211,660 

2,510, 100 

2. 

Advance  Planning  Costs 

0 

0 

3. 

Habitat  Replacement  Costs 

16,40 

125, 100 

4. 

IDC  (Economic) 

0 

0 

; 0 

5. 

Subtotal  I nvestmorit. 

19,600,000 

6,228,000 

2,635,200 

6. 

Annual  Equivalent  Investment  Costs 

2,280,000 

589,209 

669,225 

7. 

Annual  Salinity  OHftR  Costs 

138,400 

96,390 

8. 

Annual  Economic  Cost  of  Power 

0 

0 

0 

9. 

Annual  N ft  E Costs 

28,311 

34,008 

10. 

Annual  Habi tal  OHftR  Costs 

11  . 

Annual  Salinity  Costs 

256,420 

299,623 

12. 

Tons  of  Sal  1 R^novod  Annually 

20,100 

32,20? 

19,500 

13. 

Cost  Effectiveness 

113 

20 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II  -L 

II 
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BF  BP  BR 

Las  Yagas  Mash  Las  Yogas  Wash  Las  Yagas  Hash 
Stage  I Stags  1 Stags  1 I 

Pi ttnan  Whi  t nay 

NEYRDR  NEYBOR  NEYROR 


Data  of  Esti  nate: 

Interest  Rata: 

Estinate  Rdjustnent  for  l/8b: 
l\8b  Intarast  Rata 
I DC  Rdjustnont  for  l/8b: 

Project  Brea 

1.  Irrigated  Rrea  (total  acres) 

2.  Potential  Par ti ci pants  : 

a.  Individuals  (nunbar) 

b.  Groups  Cnunbar) 

3.  Canals  (total  niles) 

1.  Laterals  (total  niles) 

5.  Point  Sources  (nunbsr) 

6.  Other 

Salt  Load  Contr i buti  on 

1.  On-farH  (tons/year!) 

2.  Canals  (tons/year) 

3.  Laterals  (tons/year) 

■1.  Point  Sources  (tons/ysar) 

5.  Other  (lons/'year) 

I npl enentati on  Plan 

1.  Construction  Start  (year) 

2.  Constructi  on  Period  (years) 

3.  Expected  Part > ci pants : 

a.  Individuals  (nunber) 

b.  Groups  (nunber) 

4.  On-farn  Practices: 

a.  Treated  Rrea  (acres) 

b.  Land  Leveling  facros) 

c.  Sprinkler  Systons  (acres) 

d.  Farn  Di tches/Pi pel  i nos  (m  la;) 

5.  Canal  Lining  (niles) 
b.  Lateral  Lining  (niles) 

?.  Pipe  Laterals  (niles) 

8.  Ui  nter  Mater  Systens  (ni 1 os) 

9.  Collection  Features  ctype) 

10.  Delivery  Systens  Ctype) 

11.  Disposal  Facilities  (type) 

12.  Habitat  Replacenent  (acres) 

Salt  Load  Reduction 

1.  To  date: 

a.  On-farn  (tons/year) 

b.  Canals  Ctons/year) 

c.  Laterals  Ctons/year J 

d.  Point  Sources  Ctons/year) 

e.  Other  (tons/year) 

2.  Pot enti al /Bal ance : 

a.  On-farn  (tons/yoar) 

b.  Canal s Ctons/year) 

c.  Laterals  Ctons/year) 

d.  Point  Sources  (tons/year) 

e.  Other  Ctons/year) 


Data  Source: 


Conpl ate 


190-1  198b  1992 

1 1 10 


2,000 


1,000  bb , 000 


CRUOO  CRMOO  CRUOO 
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BR 

BP 

BR 

Las  Degas  Hash  Las 

Degas  Hash 

Las  Degas  Hash 

Stage  I 

Stage  1 

Stage  1 I 

Pi ttnan 

Mhi t ney 

NEDADA 

NEDAOA 

NEDAOfi 

Economc  and  Financial  Analyses 

Department  of  the  Interior: 

1.  Plan  Formulation  Cos!  3 

2.  Nonsalinity  Planning  Costs 

3.  Advance  Planning  Costs: 

a.  Prior  to  Author i zati  on 

b.  Rfter  Author i zat i on 
*1.  Nonsalinity  Design  Costs 

5.  Salinity  Const.  Costs  To  Date  1,381,808 

6.  Balance  Salinity  Const.  Costs  1,^00,000  9,609,565 

7 . Nonsalinity  Construction  Costs 

8.  Habitat  Replacement  Costs 

9.  Salinity  IDC: 

a.  Economc 

b . Fi nanci al 

10.  Nonsalinity  IDC 

a.  Economc 

b.  Financial 

11.  Salinity  OMftR  Costs  w/o  Power  50,008  25,000  300,008 

12.  Nonsalinity  0M8R  w/o  Power 

13.  Economc  Cost  of  Power 
1*1.  Financial  Cost  of  Power 
15.  Salinity  M ft  E Costs 
lb.  Nonsalinity  t1  ft  E Costs 

Department  of  Agriculture: 

1.  Technical  flssi stance  Costs 

2.  M ft  E Costs 

3.  Information  and  Education  Costs 
-1 . Federal  Cost-share  Obligations 

5.  Federal  Const.  Cost-share  To  Date 

6.  Balance  Federal  Const.  Cost-share 

7.  Local  Construction  Cost-share 

8.  Percent  Federal  Cost-share: 

9.  Federal  Habitat  Costs 

10.  Local  Habitat  Costs 

11.  Other  Local  Costs 

12.  Local  OftM  Costs 

13.  Annual  falue  of  Replacenent  Costs 
1 ^ _ Federal  IDC 


Cost  Effectiveness: 


1. 

2. 

3. 

■ft. 

Total  Salinity  Construction  Costs 
Advance  Planning  Costs 
Habitat  Replacement  Costs 
IDC  (Economic) 

1,301,008 

1, -180,000 

9,609,565 

5. 

Subtotal  Investment 

1,301,808 

1,  -100, 000 

9,609,565 

6. 

Annual  Equivalent  Investment  Costs 

121, 115 

122,210 

0-12,228 

7. 

e. 

9. 

10. 

Annual  Salinity  OflftR  Costs 
Annual  Economic  Cost  of  Power 
Annual  M ft  E Costs 
Annual  Habi tat  OMftR  Costs 

58,000 

25,000 

300,000 

11  . 

Annual  Salinity  Costs 

121,  11C. 

192,21* 

1,1-12,228 

12. 

Tons  of  Salt  Removed  Annually 

2,000 

1,080 

66,008 

13. 

Cost  Effectiveness 

2-1 

198 

12 
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BR 

San  Juan 

BR 

Ui  nta 
Stage  One 

BP 

Ui  nta 
Stage  Two 

NEW  MEXICO 

UTAH 

UTAH 

Date  of  Estinate: 

1/85 

Interest  Rate: 

8.38* 

Estinate  Adjustnent  for  1/86: 

101.287! 

l\8fc  Interest  Rate 

8.637! 

IDC  Rdjustnent  for  1/86: 

2.987! 

Project  Area 

1.  Irrigated  Area  (total  acres) 

92,992 

2.  Potential  Parti ci pants  : 

a.  Individuals  Cnu«b«r) 

b.  Group?  (nunbor) 

3.  Cana  Is  (total  niles) 

9.  Laterals  (total  niles) 

5.  Point  Sources  (nunbur ) 

6.  Other 


Salt  Load  Contribution 

1.  On-farn  Ct.ons/yoar) 

2.  Canals  Ctons/y»«r) 

3.  Laterals  Ctons/year) 

9.  Point  Sources  (tons/year) 

5.  Other  (tons/year)  950,008 

I npl enentati on  Plan 

1.  Construction  Start  (year)  1991 

2.  Constructi on  Period  (years)  8 

3.  Expected  Parti cipants : 

a.  Individuals  (nunbor) 

b.  Groups  (nunber) 

9.  On-farn  Practices: 

a.  Treated  Area  (acres.) 

b.  Land  Leveling  (acres) 

c.  Sprinkler  Systens  (acres) 

d.  Fern  Di tches/Pi pel  i nos  (niles) 

5.  Canal  Lining  (niles) 

6.  Lateral  Lining  (niles) 

2.  Pipe  Later al s (niles) 

8.  Uinter  Hater  Systens  (niles) 

9.  Collection  Features  (type) 

18.  Delivery  Systens  (type) 

11.  Disposal  Facilities  (typo) 

12.  Habi tat  Replacement  (acres) 

Salt  Load  Reduction 

1.  To  date: 

a.  On-farn  (tons/year) 

b.  Canal  s (tons/'  year) 

c.  Laterals  (tons/year) 

d.  Point  Sources  (tons/year) 

e.  Other  (tons/year) 

2.  Potential  /"Bal  ance  : 

a.  On-farn  (tons/year) 

b.  Canals  (tons/year ) 

c.  Laterals  (tons/year) 

J.  Point  Sources  (tons/'yeer) 

e.  Other  (tons/year) 


93.90 

11.80 


25,508 


Data  Sour  ce: 


9/98  PR/E  IS 
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BR 

BR 

BR 

San  Juan 

Ui  nta 
Stage  One 

Uinta 
Stage  Two 

NEW  HEXICO 

UTAH 

UTAH 

Economc  and  Financial  Analyses 

Department  of  the  Interior: 

1.  Plan  Formulation  Costs 

2.  Nonsalinity  Planning  Costs 

3.  Rdi'ancs  Planning  Costs: 

a.  Prior  to  Author i zati on 

b.  After  Author! zati on 

4.  Nonsalinity  Design  Costs 

5.  Salinity  Const.  Costs  To  Date 

6.  Bal ance  Salinity  Const.  Costs 
2 . Nonsalinity  Construction  Costs 

8.  Habitat  Replacement  Costs 

9.  Salinity  IDC: 

a.  Economic 

b.  Financial 

10.  Nonsalinity  IDC 

a.  Economic 

b.  Financial 

11.  Salinity  OHftR  Costs  u/o  Pouor 

12.  Nonsalinity  0H8R  u2o  Pouor 

13.  Economic  Cost  of  Pouor 

14.  Financial  Cost  of  Pouor 

15.  Salinity  H ft  E Costs 

16.  Nonsalinity  M 8 E Costs 

Department  of  Agriculture: 

1.  Technical  Assi stance  Costs 

2.  H 8 E Costs 

3.  Information  and  Education  Costs 

4.  Federal  Cost-share  Obligations 

5.  Federal  Const.  Cost-share  To  Date 

6.  Bal  ance  Federal  Const.  Cost-share 
2.  Local  Construction  Cost-share 

8.  Percent  Federal  Cost-share: 

9.  Federal  Habitat  Costs 

10.  Local  Habitat  Costs 

11.  Other  Local  Costs 

12.  Local  08M  Costs 

13.  Annual  Value  of  Replacement  Costs 

14.  Federal  IDC 

Co:rt  Effectiveness: 

1.  Total  Salinity  Construction  Costs 

2.  Advance  PI anni  ng  Costs 

3.  Habi tat  Replacement  Costs 

4.  IDC  CEconomic) 

5.  Subtotal  Investment 

6.  Annual  Equivalent  Investment  Costs 
2.  Annual  Salinity  OHftR  Costs 

8.  Annual  Economic  Cost  of  Pouor 

9.  Annual  M ft  E Costs 

10.  Annual  Habitat  OHftR  Costs 

11.  Annual  Salinity  Costs 

12.  Tons  of  Salt  Removed  Annually 

13.  Cost  Effectiveness 


2.500.000 

1.200.000 

21,552,000 

1,000.080 


152,808 

2,300 


21,552,000 

1,200,000 

1,000,00k 


23,252,000 

2,08 1 ,8b3 
152,800 

2,300 

2,246,963 

25,500 
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USDR 

BR/USOR 

USDR 

Ui nte  1/ 

Price- Sn  Rf eel  Price 

-Sn  Rfeel 

UTRH 

UTRH 

UTRH 

Date  of  Estinate: 

2/22 

1 /86 

Interest  Rata: 

6.63 2 

8. 80S 

Estinate  Rdjustnent  for  1/86: 

100.802 

1\86  Interest  Rate 

8.63 K 

8.632 

I DC  Rdjustnent  for  1/86: 

-2.262 

Project  Area 

1. 

Irrigated  Rraa  Ctotal  acres/ 

285,888 

2. 

Potential  Partici pants: 
a.  Individuals  Cnunber/ 

1,388 

b.  Groups  Cnunber) 

258 

3. 

Canals  Ctotal  miss) 

526 

1. 

Laterals  Ctotal  nil  as/ 

859 

5. 

Point  Sources  Cnunber / 

6. 

Other 

Salt 

Load  Contr i buti on 

1. 

On-farn  Ctons/year) 

125,008 

2. 

Canals  Ctons/year/ 

25,880 

3. 

Laterals  Ctons/year/ 

20,808 

1. 

Point  Sources  Ctons/yea*-) 

•15,000 

5. 

Other  Ctons/year/ 

235,000 

I npl enentati  on  PI  an 

1. 

Construction  Start  (year/ 

1980 

1991 

2 . 

Construction  Period  (years/ 

21 

2 

3. 

Expected  Parti ci pants : 
a.  Individuals  Cnunber/ 

000 

b.  Groups  Cnunber/ 

150 

1. 

On-farn  Practices: 
a.  Treated  Rraa  (acres/ 

128, 108 

b.  Land  Leveling  Cacres/ 

12,808 

c.  Sprinkler  Systens  Cacres/ 

29,108 

d.  Fern  Di tches/Pi pel i nes  Cniles/ 

1,518 

5. 

Canal  Lining  Cniles/ 

6. 

Lateral  Lininq  Cniles/ 

?. 

Pipe  Laterals  Cniles/ 

386 

8. 

Winter  Mater  Systens  Cniles/ 

9 _ 

Collection  Features  (type/ 

18. 

Delivery  Systens  Ctype/ 

Pi  pel i no 

11. 

Disposal  Facilities  (type/ 

12. 

Habitat  Replacenent  (acres/ 

1,508 

Sal  t 

Load  Reduction 

1 . 

To  date: 

a.  On-fern  (tons/year/ 

b.  Canals  (tons/year Z 

12,900 

c.  Laterals  Ctons/yoarZ 

d.  Point  Sources  Ctons/year/ 

e.  Other  Ctons/year/ 

2,208 

2. 

Potanii a 1 /Bal anco : 

a.  On-farn  Ctons/yiiar'} 

b-  Carta  1 Clons/yaar  > 

69,100 

c.  Laterals  Ctons/year/ 

d.  Point  Sources  Ctons/year/ 

e.  Other  Ctons/year/ 

13,208 

52,322 

1/  sad  to  r«fl®ct  current  studies 

Dat  a 

Sour  ce: 

scs/ur  3 

-86  Jt  Rpt/Forun 
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DT986:CRW0IP  DATA  TABLE  - Sept,  1986 

Page  20  of  22 

USOA 

BR 

USOA 

Uint.a 

Price-Sn  Rf ael 

Price-Sn  Rf  ael 

UTAH 

UTAH 

UTAH 

Econom  c and  Financial  Analyses 

Department  erf  the  Interior: 

1.  PI  an  Fornulati on  Costs 
2-  Nonsalinity  Planning  Costs 
3.  Advance  Planning  Costs: 

a.  Prior  to  Author!  zati  on 

b.  After  Author i zati on 


1. 

Nonsalinity  Design  Costs 

5. 

Salinity  Const.  Costs  To  Dato 

6. 

Balance  Salinity  Const.  Costs 

28,380,000 

2. 

Nonsalinity  Construction  Costs 

e. 

Habitat  Replacement  Costs 

1 10,962 

9. 

Salinity  I DC: 

a.  Economic 

2,511,625 

b.  Financial 

10. 

Nonsalinity  I DC 

a.  Economic 

b.  Financial 

n. 

Salinity  OHftR  Costs  w/o  Power 

0 

12. 

Nonsalinity  OHSR  u/o  Pouor 

13. 

Econom c Cost  of  Power 

i-i. 

Financial  Cost  of  Power 

15. 

Salinity  M lit  E Costs 

16. 

Nonsalinity  M # E Costs 

Department,  erf  Agriculture: 

1. 

Technical  Assi  stance  Costs 

16,209,000 

2. 

HOE  Cost  s 

2,922,000 

3. 

Information  and  Education  Costs 

681,000 

*1. 

Federal  Cost-share  Obligations 

59,351,008 

6,538,000 

5. 

Federal  Const.  Cost-share  To  Date 

10,023, 5b2 

0 

6. 

Pal  ance  Federal  Const.  Cost-share 

19,222,136 

6,538,000 

2 . 

Local  Construction  Cost-share 

25,136,310 

2,802,000 

8. 

Percent  Federal  Cost-share: 

20 

9. 

Federal  Habitat  Costs 

111,300 

30,611 

10. 

Local  Habi tat  Costs 

225,000 

11  . 

Other  Local  Costs 

685,000 

12. 

Local  OBtM  Costs 

3,121,000 

122,160 

13. 

Annual  Dal uo  of  Repl acenent  Costs 

1,011,000 

1-1. 

Federal  IOC 

0 

Cost  Ef f ecti veness : 

1. 

Total  Salinity  Construction  Costs 

26,211,000 

31,838,000 

2. 

Advance  PI anni ng  Costs 

0 

3. 

Habi tat  Replacement  Costs 

111,300 

1. 

I DC  (Eccincnic) 

0 

2,511,625 

5. 

Subtotal  Investment 

22, 185,300 

32,319,625 

6. 

Annual  Equivalent  Investment  Costs 

6,265,292 

3,223,695 

2. 

Annual  Salinity  OMftR  Costs 

1,011,000 

122,160 

8 . 

Annual  Economic  Cost  of  Power 

0 

9. 

Rnnual  h B £ Costs 

25b,  113 

10. 

Annual  Habitat  OMftR  Costs 

0 

111,606 

11. 

Annual  Salinity  Costs 

8,035,105 

3,592,261 

12. 

Tons  of  Salt  Removed  Annually 

98,200 

52,322 

13. 

Cost  Effectiveness 

82 

69 

::::::::::  ::  = = = = = = ==  = = = = = = = = ====  ==  ==== 

============== 

::rrrr==;:r::=:r=:r:r:r::::r 
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DT  986 :CRWQI  P DATA  TABLE  - Sept,  190- 

Page  21  of  22 

BR 

BR 

USOA 

Dirty  Devil 

Big  Sandy 

Bi g Sandy  1/ 

UTAH 

WVOMIHG 

WVOAI NG 

Data  of  Estimate: 

1/85 

10/8-1 

Int»r»st  Rate: 

8 . 63,-i 

2 . 08T. 

Estimate  Adjustment  for  1/86: 

101.28K 

1\86  Interest  Rata 

6.63K 

8 .63* 

I DC  Adjustment  for  1/86: 

9.  etc. 

Project  Area 

1. 

Irrigated  Area  (total  acre;) 

15,200 

2. 

Potential  Par ti ci pants : 
a.  Individuals  (number) 

8-1 

b.  Groups  (number) 

9 

3. 

Canals  (total  miles) 

■1. 

Lat eral s (total  miles) 

5. 

Point  Sources  (number) 

6. 

Other 

Salt 

Load  Contribution 

1 . 

On-farm  (tons/year) 

90, 100 

2. 

Canals  (tons/year) 

3. 

Lateral s (tons/year) 

1. 

Point  Sources  (tons/year) 

16-1,008 

5. 

Other  (tons/year) 

150,888 

21,300 

I mpl  emwnt.ati  on  Plan 

1. 

Construction  Start  (year) 

1991 

1989 

2. 

Construction  Period  (years) 

3 

2 

3. 

Expected  Parti ci pants : 
a.  Individuals  (number) 

81 

b.  Groups  (number) 

9 

1 . 

On-farm  Practices: 
a.  Treated  Area  (acres) 

15,200 

b.  Land  Leveling  (acres) 

2,500 

c.  Sprinkler  Systems  (acres) 

1 1 , 000 

d.  Farm  Di tches/Pi pel  i nos  (miles) 

116 

5. 

Canal  Lining  (miles) 

6. 

Lateral  Lining  (miles) 

2. 

Pipe  Laterals  (miles) 

8. 

Winter  Water  Systems  (miles) 

9. 

Collection  Features  (type) 

shal 1 ou  uel 1 s 

IP. 

Delivery  Systems  (type) 

15800  ft  pipeln 

11. 

Disposal  Facilities  (type) 

injection  uells 

12. 

Habitat  RoplacQHgnt  Cacros) 

1,298 

Sal  t 

Load  Reduction 

1 . 

To  date: 

a-  On-farn  (tons/y©«r) 

b.  Canals  Ctons/yoar) 

c.  Laterals  Ctons/yoar) 

d.  Point  Sources  Ctons/yoar) 
o - Other  Ctons/yoar) 

2. 

Potonti el /Bal anco : 

a.  On-fern  Ctons/yoar) 

b.  Canal s Ctons/yoar) 

c.  Laterals  Ctons/yoar) 

d.  Point  Sourcos  Ctons/yoar) 
o.  Other  Ctons/yoar) 

20,980 

52,900 

1/  Subject  to  1 ou  pressure  sprinkler 

plan  revisions 

Dat  a 

Source: 

3/86  Draft  PR 

SCS/WV- 

94 


DT986 :CRUQI  P DATA  THBLE  - Sept,  1906 

Paga  22  of  22 

BR 

BR 

USDA 

Dirty  Devi 1 

Bi g Sandy 

Bi g Sandy 

UTAH 

MVOHING 

MVOHING 

Economic  end  Financial  Analyses 


Dapirtnant  of  the  Interior: 


1. 

PI  an  Fornulation  Costs 

3,291,026 

2. 

Nonsalinity  Planning  Costs 

3. 

Advance  Flanning  Costs: 

a.  FVior  to  Author i zati  on 

962, 129 

b.  Rftar  Ruthori zati on 

9. 

Nonsalinity  Design  Costs 

5. 

Salinity  Const.  Costs  To  Data 

6. 

Balance  Salinity  Const.  Costs 

10,938,962 

T . 

Nonsalinity  Construction  Costs 

e. 

Habitat  Replacement  Costs 

9. 

Salinity  I DC : 

a.  Economic 

1,616,962 

b.  Financial 

10. 

Nonsalinity  IDC 

a.  Economic 

b.  Financial 

11  . 

Salinity  ONftR  Costs  u/o  Pouar 

990,20'. 

12. 

Nonsalinity  OflSR  u/o  Power 

13. 

Economic  Cost  of  Pouar 

32 1 , 205 

11. 

Financial  Cost  of  Pouar 

103,308 

15. 

Salinity  HUE  Costs 

16. 

Nonsalinity  M # E Costs 

Department  of  Agriculture: 

1. 

Technical  Assistance  Costs 

2,129,600 

2. 

HUE  Costs 

500,000 

3. 

Information  and  Education  Costs 

950,000 

1. 

Federal  Cost-share  Obligations 

2,932,500 

5. 

Federal  Const.  Cost-share  To  Date 

0 

6. 

Balance  Federal  Const.  Cost-share 

2,932,500 

—} 

r . 

Local  Construction  Cost-share 

3 , 182 , 900 

8. 

Percent  Federal  Cost-share: 

20 

9. 

Federal  Habitat  Costs 

221,000 

10. 

Local  Habi tat  Costs 

912,300 

11. 

Other  Local  Costs 

2,298,200 

12. 

Local  OftM  Costs 

315,900 

13. 

Annual  Value  of  Replacement  Costs 

339,000 

19. 

Federal  IDC 

0 

Cost  Effectiveness: 

1. 

Total  Salinity  Construction  Costs 

10,938,962 

10 , 0b2 , 100 

2. 

Advance  PI anni ng  Costs 

962, 129 

0 

3. 

Habitat  Repl aconent  Costs 

221,000 

9. 

IDC  (Economic! 

1,616,962 

0 

5. 

Subtotal  Investment 

13,512, 103 

10,280,900 

6. 

Annual  Equivalent  Investment  Costs 

1,181,229 

995,692 

r*  . 

Annual  Salinity  OMftR  Costs 

900,205 

339,000 

8. 

Annual  Economic  Cost  of  Power 

32 1 , 205 

0 

9. 

Rnnual  h E Costs 

93,825 

10. 

Rnnual  Habitat  OMftR  Costs 

0 

11  . 

Annual  Salinity  Costs 

2,096,609 

1,328,122 

12. 

Tons  of  Salt  Removed  Annually 

20,900 

52,900 

13. 

Cost  Effectiveness 

96 

25 
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Appendix  B 


Salt  Reduction  Objective  Estimation 
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SALT  LOAD  REDUCTION  TARGET  ESTIMATION 


Salt  load  reduction  required  to  maintain  the  Lower  Basin  stan- 
dards was  estimated  using  a 3-step  procedure. 

1.  A 15-trace  CRSS  simulation  was  made  using  the 
Reclamation  demand  data  base  (given  in  Progress  Report 
12)  and  initialized  at  1985  conditions.  Existing  and 
ongoing  salinity  control  project  salt  load  reductions 
were  included  as  shown  in  Table  B-l.  The  simulation 
period  was  1986-2040. 

2 . CRSS  output  was  used  to  compute  the  salt  load 
reduction  required  to  reduce  the  TDS  at  Imperial  Dam  to 
the  standard  (879  mg/L) . This  was  done  using  the 
future-effects  equation  for  projects  above  Parker  Dam: 


A TDS  = 


Qnp  lAP  -al  “ lBP 

~ X2ap 


_k 

Qi 


where:  ATDS 

Qbp 

lAP 

AL 

Qap 

lBP 

k 

Qi 


change  in  TDS  (mg/L)  at  Imperial  Dam 
discharge  ( kac . ft)  below  Parker  Dam 
salt  load  (kton)  above  Parker  Dam 
change  in  salt  load  above  Parker  Dam 
adjusted  discharge  above  Parker  Dam 
salt  load  below  Parker  Dam 

conversion  from  ton/ac.ft  to  mg/L  = 735.46 
discharge  at  Imperial  Dam 


The  difference  between  the  predicted  TDS  at  Imperial  Dam 
(TDSj)  and  the  standard  was  substituted  for  TDS  and  the 
equation  was  solved  for  L: 


QaP  Qj  ( TDSj;  - 879) 

AL  = L^p  - Qbp  735.46  + Lgp 

The  required  salt  load  reduction,  AL,  was  then  evaluated 
for  each  year  of  the  simulation  period  using  CRSS  output 
values  for  Lap»  QaP'  QbP'  Lgp,  Qj t and  TDSj.  These 
values  and  resultant  values  are  displayed  in  Table  B-2. 

3.  Computed  reductions  (AL)  exhibited  significant 
scatter  (Figure  9,  main  report)  due  to  oscillations  due 
to  the  5 year  increments  on  which  the  CRSS  output  was 
based.  Therefore,  a smooth  curve  was  fit  through  the 
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data.  The  best  fit  was  achieved  using  a logistic  growth 
curve  of  the  form: 


a 

y = 1 + exp(b-cx) 

The  coefficients  were  evaluated  using  non-linear,  least  - 
squares  regression  with  the  SPSS  (Statistical  Package  for 
the  Social  Sciences)  Marquardt  method  (Robinson,  B;  1984; 
SPSS  Program  NONLINEAR  - Nonlinear  Regression;  Manual  433, 
Vogleback  Computing  Center,  Northwestern  University).  The 
computed  reductions  were  regressed  against  sequential  year 
numbers,  with  year  one  correspondi ng  to  1996,  the  first  year 
in  which  the  standard  was  exceeded.  The  resultant  best  fit 
target  values  are  given  in  Table  B-2  and  plotted  on  Figure 
B-l. 


Table  B-l.  - Salt  Load  Reduction  from  Existing  Salinity 
Control  Projects 


Project 

Reduction 

(kTon/yr) 

Reclamation 

Grand  Valley,  Stage  I 

21.9 

Meeker  Dome 

48.0  1/ 

Las  Vegas  Wash, 

Pittman  Bypass 

7.0 

USDA 

Grand  Valley 

27.3 

Uinta  Basin 

15.6 

1/  Cost-effectiveness  is  based  on  19,000  tons. 
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Figure  B-l.  - Required  salt:  reduction  from  CRSS  for  the  target  objective. 


Lotus-Flow2 

CRSS 


I 


IS) 


CO 


OOOOOOOOOOOOW(\INg-ifiONC\jCiCOI,)(y)lDin(y)fl-OD01WlOHOO' 


C001r0HU)OCM(\JNfsrsio 
CO.— (*3-OOC\JOO>=J-t— I 00  «D  'j-  C\J 


r— I O'!  CTl  r— ( UD  ■ 1 O 

ococmoocmudcti.— i 

OOCOOlOlOOOH 


c\jr^cTiOO^- 
fn  <3-  iruo  rx 


E 

1 

03 

1 

O 

1 0 2: 

1 UJ  0 

1 — 

t 1 *— H 

03 

1 O h~ 

•r- 

1 Q-  O 

s- 

1 2:  ZD 

O) 

O O 

Cl 

ZUlil 

E 

O OC 

1 — t 

t— 

4-> 

— 

03 

3 OC 

QOLlJ 

to 

<=C  _l  iZ 

4-> 

oujq; 

CD 

J CO  < 

cn 

CL 

1— 

03 

1 

1 — 

< 

l/Ud  QC 

C 

1 > uu 

O 

1 O i*c 

•»— 

1 CO  on 

4-> 

1 <c  c 

U 

1 CL 

13 

“O 

CD 

cc: 

"O 

1 

03 

1 _J 

O 

• c 

_ J 

1 1— 1 

1 t—  QC 

4-> 

C UJ 

• — 

(—  Q_ 

03 

u_  2; 

OO 

C_>  .— t 

<c 

“O 

c 

w 3:  cn 

03 

O UJ 

UJ  _J  iZ 

to 

O UJ  QC 

4-> 

QC  CO  c 

< Cl 

3 

nr 

to 

0 

CD 

JO 

or 

Quo: 

00 

1 > UJ 

00 

1 O iZ 

or 

1 cn  cn 

0 

1 C c 

1 CL 

• 

C\J 

CO 

(U 

-O 

m 


I — C ' 
C •—  _J 

cn 

i/nu  ai 
o cl  E 


oc 


>OC ’OOOOOOC'OOOOCOCOO'iUDf^r'").— (Ln«3"CMO>— HD  CO  N r- lOOOCO 


o 

un 


<\JO'3-CTLOCTlCOCOCOnc\JLC 
OM^-mNNCMoaovirHOLn 
roLnLn^f-«3-r^oO'>r'~.iocr>,— i 


Lf)  K , — I UD  *3-  *3-  CO 
3-  curuc  rs  1/1  t\j 

O'  00  t ro  i O'  00 


ionwco>tHinHCDini — 1 O'  ■ — 1 fi  oiio  o> — 1 cji  o <t  co  r- i^-tairxN^j-oiLnCTi^tLONO 

r-^cMUDOocMOO^a-cocri.— 1.— ic'o^3-CMO'>a'>CMO)0'icocMoor'')cocooocMLno'icM*3-o 
OMOHONLOOl^HONVDt^CJWVKvirMOM^MLOtVJCO'-l^NMmOLD^JLDO 
rH<jLDOunHHfn^ir)Ln^ici^coLnroLDOiMiD<3COLD>303roroHi£)ooiOH^ 
ivooi^LDiorvoorNi^i^rv.oor^rvf^KcorvivoONCOivcocoKcoKcocococooococD 

rHNCDnCMLOOONLO^|S.OOKLDNCOOVDOOWCVJrHLDLOr-LCTUnClrH01{MCOrHLr)<\J 

mOrxOWCvJKLDQDnHOrO^CTiCOCNjmiOCOOOUtCOLOCTKMOCTUDNcioi^^^' 

Oa^LilOLD^^MCM^lOlOCO'Jrfaimi^rHIVKCMN^LDai^O.JtMKOOrHOlrHr-l 

^I2i!SHM'J,S''N"00lDOOOOi:)CMU}Na'fr)y:3mCOrH'-<OCTWVrH»}'r-t(»)r)r-|incO 

(oooicoojoiooimoioiooioiooioaioooiooHHOioooHOHOoo 


0000000000000000000 


0000000000000000 


00  o 

LT>  O 
CO  C\J 


rsLnrso(\jLncMCO^-Lnnimo(M^cOLnciNHrHin^-CMroH<taioiocriN(\j 
NMr)LDirnflKOOWlMf)ON|V)LnMlDHNrtMCOlDOl3-HOOOlH(»lfs. 
- _ „ -!Mio3-LONN^OLj3--3-ooHiswirnDCTi3-ooiNoic\jainNOicomLfi 

NOUOMDLONLOLClCLOMCLDlCLOlOlDLDlDLfHDLOlOiDUHOUlLDLOlOLDlCLDLD 


000000000000000000000000000°0000000 

,lS^r^iflSl^oocooo'-,orv'Lr,,x>00'~'CT'or)OOLO'j::>u:>,^00'-,c^JO'0Ocor^cnLr>co^^j-" 

^^S^!?<?'£),Nl£)';f^',v)m^'|v'<;,'K0^r)OOrHCO^LnrorooororNrx(vuoLDoi 

mSSS^J!f^lf'£>'Xlr0'Hr0rOK'_"i>'H^''oco^aioar'CT'CMCDC^^0'lfi^^^ 

COOOlOONNCONfvrsrvCONISNNNMs.rsLONLONNLDNlDNNLOrsiDISN 


H^LOWOlODMOHNH^tn^^KMouiW^OLfiN^HNOLflCONOOO 

m^^^^5^r°^2COrH':,'COOu:)rH":frnrancNJ^00,vliriLn®woOLnoicooi 

SS^^2^?!5OCO'::f'CNJLOr0cr'oocn';r'::f'ocncxj^‘^'0^:)r-'Lr),^^^rv'^-^-cr1 

2^I^0^^0^0^^0^0^OCT,cr'cr,cr,<T,OOCT'cr'oococr,coa'CT'0o<Ticoo'cri 


00000000000000 


0000000000000000000 


o o 


~^^^^"??'',’^''^OCT,Lr)tv,CT'oolor'^^'<^'Q'o>«3-ocMO'OuD«3-viDLnu->cr>aocMi-n.— t 
^^?r^'°2OJf^',ylfv1KCOh'NloO(\JC\i^rHLnrsNrn(vuo(xicOLOLncooiouciLn 

cocorv.r^r^cxDoooooooooooooooococrLCTi<ncr>cncricriCT>CTicyicricricr>CT'<Ti<Ticna>crLCTi 


™£™^S~~~^Lr>v£,r''OOCT'0^-'CVJ<v',^'Lr>^r''0°CT,<=>--.cMcvWLr)VOP^cocy)0 

SSSS^0'0'0'0'a'CT'°'CJ'0'OOOOOOOOOOr-,'-|r-|'-''-|'-|'-l'H-lr-(M 

OlOiaiOlOlOiOiOiOlOiOiOKJLOioOOOOOOOOOOOOOOOOOOOO 

f~ ^ * * * r~*  ' * ' * * 1 * ' * ' * r— ^ CO  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  C\J 


102 


Includes  a 4-year  delay. 


Appendix  C 


Least  Cost  Investment  Model 
Data  and  Supplemental  Results 
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Table  c - l.  Maximum  Budget  and  Salt  Load  Reduction  Targets  Used 
in  the  Budget  Constraint  Model  1/ 


YEAR 

MAXIMUM 

COST  TARGET  2/ 

SALT  LOAD  REDUCTION 

(Millions 

of  Dollars) 

ANNUAL 

CUMULATIVE 

TARGET  (kTon)  3/ 

1986 

20 

20 

0 

1987 

20 

40 

0 

1988 

30 

70 

0 

1989 

40 

110 

0 

1990 

50 

150 

0 

1991 

50 

190 

0 

1992 

50 

230 

88 

1993 

50 

270 

113 

1994 

50 

310 

143 

1995 

50 

350 

181 

1996 

50 

390 

227 

1997 

50 

430 

280 

1998 

50 

470 

342 

1999 

50 

510 

412 

2000 

50 

550 

488 

2001 

50 

590 

567 

2002 

50 

630 

648 

2003 

50 

670 

727 

2004 

50 

710 

801 

2005 

50 

750 

869 

2006 

50 

790 

930 

2007 

50 

830 

982 

2008 

50 

870 

1025 

2009 

50 

870 

1061 

2010 

50 

870 

1091 

1/  All  minimum  budget  targets  were  zero. 

2/  The  two  columns  are  independent  - S50  million  is  the  annual 
maximum  but  cumulative  totals  do  not  allow  a full 
$50  million  to  be  added  each  year. 

3/  Targets  were  computed  for  Imperial  Dam  and  shifted  forward 

4 years  to  allow  project  impacts  to  completely  pass  through 
Lakes  Powell  and  Mead. 


105 


<d 

T5 

o 

£ 

-x 

c 

3 

G 

-X 

CO 

3 

> 

c 


-X 

CO 

o 

o 

-X 

CO 

3 

3 

3 

jz 

-i-i 


TJ 

3 

CO 

ZD 

3 

-X 

3 

Q 

4-J 

o 

a 

• i~ i 

o 

x 

a, 


CM 

I 

u 

3 

H 

XI 

3 

E-i 


\ 


Q 

cn 

3 

03 

cn 

W Eh 

0 

<D 

QJ 

0 

>H  Cl 
< < 
X)  o, 

>. 

>1 

pH 

w £ 

O M 

\ 

•'*1 

Q 2 
< O 

m cn  o o vo  m o 

0 

5 

9 

3 

in 

Eh 
XI 

<c 

Cn  DC 


Eh  C 

u o 

o -X 
Q -V 
W “ 


\ 

\ 

cn| 

cn| 

Q 

Eh 

X 

W 

DC 

03 

VO 

vo  cn 

VO 

X 

< 

a; 

00 

00  00 

00 

00 

M 

Eh 

>H 

cn 

cn  cn 

cn 

<n 

tx 

cn 

pH 

rH  rH 

rH 

pH 

Q 

O 

M 

DC 

w 

C4 


co 

X 

(0 

a) 

>H 


3 

3 

c 

c 

< 


o 

TJ 


O'  co 
c c 
-H  O 
c -h 

•H  pH 

fd  r-H 

G *H 

<d  g 

u — 


VO  m O CO  00  VO  pH 
H (N  00  OJ  VD 


VD  IT)  O (N  ^ 

vd  oj  oj  in  ^ 


o>  m ro  id  H 


o oo  ro  in  (N 


cn  oo  in  o r*  cr> 


id  vo  a>  ro  vo 


vo  cn  in  m rH 

cn  rr  cn  r- 1 


0 

o 

d 

<d 


<T»  CN  o CTi 
CN  rH  ro  rH 


0 

4-> 

<d 

2 


cd 
£> 

M >i 


r^vDincNm^rr-'CNr-oc^ 


(N(Nis'is'roooro^r^rs'CN 
o co  in  in  h pH  cn  cn  lo 
CN 


W 

cn|cn| 

VO  VO 

ao  cx) 

CT\  CT\ 


m| 

CN 

<J\ 

(T\ 


m 


voaocNCNcr*m^}«mr^mr^ 


in 

in 

o 

o 

CN 

o 

CO 

o 

o 

cn 

o 

VO 

o 

CN 

m 

o 

VO 

o 

o 

m 

o 

o 

m 

o 

o 

O 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

ooooooooooo 

ooooooooooo 


ooooooooooo 


OMnCO^lDvOO>hCO(N 


00(T>H(NhrorO(NH(N00 
CN  H'  CN  CN  i — < rH 


LO| 


0 \ 
cn  m| 
o 


(d 

4-) 


M 

X 

QJ 

C rH 

M 3 

QJ 

QJ  C 

O 

3 

O 

■p 

CT>  -X 

M 

£ 

a 

QJ  C 

c 

0)  -H 

\ 

\ 

O'  03 

•H 

J-l  X 

3 

in 

1 

i 

in 

03  rH 

s 

cn  2 

O' 

4->  <0 

3 3 

pH 

i — 1 

CM 

CM 

ro 

\ \ 

cn  xi 

3 P 

3 

\ in|\  m| 

c 

c X 

X 

X 03 

3 

a 

C 

C 

C 

in|  m| 

- a> 

0 

0 0) 

01 

3 

4-4 

rH 

O 

0 

0 

O 

>i  >i 

>i  >H 

01 

to  o3 

3 

3 

c 

3 

ix 

3 

3 

3 

3 

>i  3 M 3 

c 

QJ  0)  i-H 

•H 

■h  :< 

2 

cm  c 

pH 

DC 

•H 

rH 

3 

c 

•rH 

•rH 

•H 

•H 

dlH  3H 

o 

1 — 1 rH  (TJ 

c 

c 

C -H 

•H 

O' 

rH 

- ^ 

•<H 

C 

C 

c 

c 

rH  rH  3 rH 

•H 

H H ^ 

c 

C 01 

01 

•H  3 

> 

C 

X 

3 

rH 

3 

c 

c 

c 

c 

rH  03  X 3 

> 

-X 

03  03 

3 

3 03 

3 

C 3 

3 

(0 

•rH 

> 

3 

(4 

3 

3 

3 

3 

3 > CJ  > TJ 

Eh 

03 

> > X 

0) 

e> 

O O' 

O' 

•H  CQ 

a 

cn 

> 

> 

CQ 

o o o o > 

c 

U 

G 

o 

QJ 

QJ 

3 

3 

i 

Tt 

C 0 3 

3 

W 

03 

T3  T)  TD 

X 

X 

X > > 

G 3 

3 

X 

3 

TJ 

3 

X 

X 

X 

X 

3 x g o 

cn 

rj 

f H 

C C 03 

o 

QJ 

QJ 

3 X 

4-> 

U 

3 

X < 

C 

-X 

3 

3 

3 

3 

Qj  O'  rH  O 

O 

o 

03  03  X 

rH 

5 

3 01 

3 

X C 

X 

•H 

3 

s 

C Q 

3 

C 

3 

3 

3 

3 

3 XU  C 

O' 

VC 

a) 

X X 03 

0 

0 

O 03 

0! 

•H 

•H 

X 

O 

XI 

-h  cn 

X 

•H 

O 

O 

O 

O 

O H u 3 

•H 

cu 

OS 

o o &< 

a 

XI 

XI  XI 

XI 

zd 

Q 

a. 

XI 

ca 

cn  zd 

u 

3 

X) 

X) 

XI 

XI 

£ > £ £ 

CQ 

106 


1/  Projects  with  delayed  impacts  must  be  completely  built  before  any  salt  load  reduction  occurs. 

2/  Ongoing  projects  - remaining  cost,  construction  period  and  salt  load  reduction  are  given. 

3/  McElmo  will  start  the  year  following  completion  of  Dolores. 

4/  Includes  24,000  tons  that  would  be  attributed  to  AWT  flows  which  would  be  used  for  Harry  Allen. 

2./  Reflects  current  projected  program  accomplishment  based  on  reduced  participation. 


Table  C-3 

Data  Table  Summary  for  1986  Least  Cost  Analysis 


CHECKI/November  21,  1986 


Project 

Remaining 

Investment 

Costs 

($1,000,000’ 

Grand  Valley  Stage  I 

0. 

Grand  Valley  Stage  II 

126. 

Las  Vegas  Wash  - Pittman  - 

0. 

Las  Vegas  Wash  - Whitney  - 

1. 

Paradox  Valley  Unit 

49. 

Grand  Valley  USDA 

28. 

Uinta  USDA 

49. 

Lower  Gunnison  - Winter  Water  - 

17. 

Lower  Gunnison  1 USDA 

21. 

Lower  Gunnison  2 Montrose  USDA 

22. 

Lower  Gunnison  2 Delta  USDA 

17. 

Lower  Gunnison  3 USDA 

3. 

Dolores  - Salinity  Control  - 

25. 

McElmo  Creek  USDA 

11. 

Big  Sandy  USDA 

0 . 

Moapa  Valley  USDA 

3. 

Unita  Stage  I 

22. 

Price-San  Rafael  (Combined) 

37. 

Lower  Virgin 

19. 

466. 

O&M  Costs 
($1, 000,000’s) 


Annual 

0SM 

Costs 

Financial 
Cost  of 
Power 

Years 

Remaining 

0&M 

Costs 

0.01 

24 

0.24 

0.05 

11 

0.55 

0.05 

25 

1.25 

0.08 

22 

1.76 

0.30 

0.16 

21 

9.66 

0.00 

0.00 

0.62 

20 

12.40 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 


0.00  12  0.00 

0.00 

0.34  16  5.44 


1.45  0.16  31.30 

466.30 


Total  Remaining  Program  Costs:  497.60 


s 

0 

2 

0 

4 

5 

0 

~7 

/ 

1 

/ 

5 

0 

9 

6 

0 

7 

o 

6 

6 

3 

6 

3 
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Appendix  D 


Repayment  Analysis 


i nq 


Repayment  Analysis 


The  basin  fund  revenues  used  in  this  analysis  are  the  numbers 
provided  by  Western  Area  Power  Administration  in  1986.  Payments 
have  been  deducted  for  Hoover  deficiencies  and  annual 
amortization  of  presently  authorized  projects.  The  result  is 
revenue  available  annually  for  the  balance  of  projects  required 
to  meet  salt  load  reduction  targets.  Table  D-l  shows  the 
repayment  dollars  available. 

Tables  D-2  and  D-3  show  the  repayment  dollars  needed  and  the 
repayment  capability  of  the  Basin  States  for  the  $498  million 
investment  level  without  and  with  inflation  costs  added. 

For  purposes  of  basin  fund  repayment  analysis,  the  USDA  costs 
for  technical  assistance,  education,  and  monitoring  and 
evaluation  are  excluded.  However,  these  Federal  costs  are  costs 
of  implementation  and  are  considered  in  the  computed  cost- 
effectiveness  values. 


Ill 
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Table  D-l 

Colorado  River  Basin  Salinity  Control  Program 
Available  Revenue  in  LCRBD  Fund 


For  S . 75 
($1 , 

2 Programs 
000 ’ s ) 

Year 

Hoover 
Revenue 
Avai lable 

Plus 

Parker- 

Davis 

Revenue 

Available 

Less 

Hoover 

Deficiency 

Payments 

Less 

Presently 
Author i zed 
Amortization 

Equals 
Total 
Revenue 
Avai lable 

1987 

3 , 770 

0 

1988 

10,304 

0 

1989 

9 , 458 

0 

1990 

9 , 336 

0 

1991 

9 , 168 

0 

1992 

9,451 

0 

1993 

9 , 120 

0 

1994 

9,120 

0 

1995 

9,120 

0 

.1996 

9,120 

0 

1997 

9 , 120 

0 

1998 

9 , 355 

0 

J.  999 

9 , 132 

0 

2000 

9 , 252 

0 

2001 

8 ,964 

0 

2002 

8,917 

0 

2003 

9 , 033 

0 

2004 

8 , 858 

0 

2005 

8 , 942 

879 

2006 

8 , 921 

2 , 637 

2007 

8 , 881 

2 , 637 

2008 

8 , 670 

2 , 637 

2009 

8 , 828 

2 , 637 

20.10 

8 , 779 

2 , 637 

TOTAL 

213,61 8 

1 4 , 066 

0 

0 

3 , 770 

1 , 556 

0 

8 , 749 

1 , 556 

266 

7 , 636 

1 , 556 

311 

7 , 469 

1 , 556 

1 , 342 

6 , 271 

.1 , 556 

1 , 342 

t?  t O ) O 

1 , 556 

1 , 342 

6 , 222 

1 , 556 

.1 , 342 

6 , 222 

.1 , 556 

.1.  , 342 

6 , 222 

1 , 556 

1 , 342 

6 , 222 

1 , 556 

1 , 342 

6 , 222 

1 , 556 

1 , 342 

6 , 457 

1 , 556 

.1 , 342 

6 , 234 

1 , 556 

1 , 342 

6 , 354 

1 , 556 

1 , 342 

6 , 066 

.1 , 556 

1 , 342 

6 , 020 

.1 , 556 

1 , 342 

6,135 

1 , 556 

1 , 342 

5 , 961 

1 , 556 

1 , 342 

6 , 923 

0 

.1 , 342 

10,217 

0 

.1 , 342 

10,176 

0 

1 , 342 

9 , 965 

0 

1 , 342 

10,123 

0 

.1 , 342 

10,075 

8 , 000 

27,417 

1 72 , 267 
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"jjj  CRMQIP  RECOMMENDED  PLAN  - NOVEMBER  1986/BRSE  1986 


$498^ 


Million  Alternative  -0.038097  Inflation  Rate  Repayment  Interest  Rates  - 1985  8 0.12375,  1986  ♦ through  2010^0.10625 


I nvestment 

November 

14,  1986 

I nvestnent 

and  OfltM 

thru 

P.L. 93-320  Units 

Costs 

Costs 

1904 

1985 

1986 

1987 

I960 

1909 

1990 

1991 

1992 

1993 

Gr.nd  V.ll.y  St«9«  I 

10 

10 

11 

Grand  d.ll.y  St.,.  II 

174,560 

175,695 

3,950 

2,621 

5,441 

9,885 

13, 193 

12, 174 

14,210 

13,119 

13,619 

Grand  d.lloy  - Balance  - 

0 

Crystal  Geyser 

Las  Vegas  Wash  - Pittman  - 

1,382 

3,539 

1,302 

50 

52 

54 

56 

50 

60 

63 

65 

67 

Las  Vegas  Hash  - Whitney  - 

1,513 

4,431 

392 

603 

517 

87 

90 

94 

97 

101 

Las  Vegas  Hash  Stage  II 

0 

Paradox  Valley  Unit 

b9 , 962 

07,  174 

13,390 

2,350 

13,358 

14,409 

14,395 

12,069 

550 

571 

592 

615 

Subtotal  P.L. 93-320  Units: 

25,417 

12,084 

14,955 

13,085 

14,413 

Cumulative  Subtotal: 

43,628 

49 , 970 

66,401 

86,906 

111,769 

137, 106 

150,070 

165,025 

178,909 

193,323 

P.L. 98-569  Units 


99 
100 
10  J 
102 
103 

jg5  LCRB  Fund  Share 

106  Grand  Valley  Stage  I 
10?  Grand  Valley  Stage  II 

108  Grand  Valley  - Balance  - 

109  Las  Vagas  Rash  - Pittman  - 

110  Las  Vegas  Hash  - Whitney  - 

111  Las  Vagas  Mash  Staga  II 

112  Paradox  Valley  Unit 

1M  Subtotal  - LCRB  Fund  Share 

115 

116 

118  Grand  Valley  U50R 

119  Uinta  USOfi 

120  Lower  Gunnison  - Winter  Water 

121  Lower  Gunnison  Stage  I 

122  Lower  Gunnison  - North  Fork  - 

123  Lower  Gunni  son  1 USDR 

124  Lower  Gunni  son  2 Montrose  USDR 

125  Lower  Gunnison  2 Delta  USDR 

126  Lower  Gunnison  3 USDR 

12?  Dolores  - Salinity  Control  - 
120  McElxo  Creak  USDR 

129  Big  Sandy  USDR 

138  Virgin  Valley  USDR 

131  Moapa  Valley  USDR 

132  Price  USDR 

133  Nancos  Valley  USDR 

134  Palo  Verde  Irrig  District  USOR 

135 

136 

137 

130 

139 

140 

141 

142 

143 

144 

145 

146 

147 
140 
149 
158 


125 

18 


91*4 

583 


■419 

589 


27 

*423 

595 


28 

28 


428 

601 


11 

15,905 


16,730 

210,053 


125 

21 

29 

■433 

608 


1995 

1996 

1997 

1990 

1999 

12 

12 

13 

13 

14 

14 

15 

14,677 

17, 140 

15,016 

16,419 

6,392 

04 

80 

91 

73 

75 

78 

81 

04 

88 

91 

109 

113 

117 

122 

127 

131 

136 

0 

0 

0 

0 

0 

0 

663 

600 

714 

741 

770 

799 

829 

15,533 

18,029 

16,739 

17,376 

7,386 

1,116 

225,505 

243,614 

260,353 

277,729 

285 , 1 15 

286,231 

207,390 

288 j 593 

125 

125 

125 

125 

126 

126 

126 

126 

760 

761 

761 

21 

22 

23 

23 

24 

24 

25 

30 

38 

31 

32 

33 

34 

35 

37 

439 

444 

449 

455 

461 

467 

474 

400 

614 

621 

628 

636 

644 

1,411 

1,420 

1,430 

2,852 

2,537 

3,073 

3, 190 

2,839 

2,947 

1,020 

3,613 

4,501 

4,672 

4,850 

5,035 

5,227 

5,426 

3,755 

901 

935 

971 

1,000 

1,046 

1,006 

1,128 

1,  171 

3,126 

3,245 

3,032 

3,497 

3,631 

1,500 

3,319 

3,444 

3,575 

3,712 

3,460 

4,000 

4,152 

1,724 

3,377 

3,505 

3,639 

3,770 

2,112 

2,881 

2,990 

2,909 

16 

94 


90 

147 


1,249 

269,842 


126 

762 


27 

30 


407 

1,440 


V 

Z 

AR 

R8 

RC 

RD 

Page  2 of  2 

RE 

2006 

2007 

2000 

2009 

2010 

16 

17 

18 

18 

19 

102 

106 

110 

114 

118 

123 

102 

106 

110 

114 

1 18 

153 

150 

164 

171 

177 

184 

191 

0 

0 

0 

0 

963 

1,000 

1,030 

1,078 

1,119 

1,161 

1,296 

1,346 

1,397 

1,458 

1,506 

1,563 

291,138 

292,484 

293,801 

295,332 

296,037 

298,400 

300,023 

126 

126 

126 

127 

127 

127 

127 

763 

764 

764 

765 

766 

767 

768 

27 

28 

29 

30 

31 

32 

33 

39 

40 

41 

43 

44 

46 

47 

0 

0 

0 

0 

0 

495 

518 

526 

535 

544 

1,450 

1,460 

1,471 

1,482 

1,494 

1,506 

1,519 

46,345 

91,042 

43,244 


31,215 

35,698 

26,264 

4,861 

38,268 

16,463 

10,691 

0 

4,651 


46,345 

01,042 

43,244 


31,215 

35.690 
26,264 

4,861 

30,266 

16,463 

10.691 
0 

4,651 


6,000 

6,689 


1,870 
3, 3B5 


2,037 

3,097 


1,812 

3,215 


2,195 
3 , 3*7 
5,341 


1,953 

2,867 

0,214 


7,851 

569 


2,365 

3,596 

7,035 


1,556 

12,075 

1,574 

780 


2,  105 
3,733 
776 


2,692 

571 

095 

10,341 

875 

1,736 


2,549 

.3,976 

805 


2,515 

1,779 

2,322 

1,261 

2,424 

1,696 


2,646 

4,023 

036 


2,901 
3,079 
3,  133 
1,939 

2,673 

1,871 


2,355 

4,176 

866 


3,012 

2,876 

3,503 

1,661 

2,612 

1,942 


1,949 

1,215 


1,262 


1,411 


1,521 


1,579 


1,304 


1,318  1,369 


Subtotal  P.L. 98-569  Units 

330,742 

330,742 

12,689 

5,255 

5, 134 

5,027 

10,873 

21,973 

20,989 

25,043 

20,596 

24,278 

23,005 

21,372 

21, 159 

20,972 

20,035 

18, 130 

14,76? 

11,725 

6,650 

3,  164 

1,262 

1,310 

1,360 

Cumulative  Subtotal: 

12,689 

17,944 

23,077 

28,  184 

30,977 

60,951 

89,940 

114,983 

135,579 

159,857 

102,061 

204,233 

225,392 

246 , 364 

266,399 

284,529 

299,296 

311,021 

317,671 

320,835 

322,097 

323,407 

324,766 

326,17? 

327,643 

329,163 

330,742 

Subtotal  - LCRB  Fund  Share 

1,202 

2,773 

5,603 

7,392 

6,386 

5,252 

6,  191 

5,966 

5,450 

5,396 

5,348 

5,  109 

4,623 

3,766 

2,990 

1,696 

007 

322 

334 

347 

360 

374 

388 

403 

Remaining  Units 

Smbad  Valley  CBLM5 

0 

0 

Uinta  Stage  I 

32,492 

32,583 

1,411 

3,009 

4,258 

4,736 

4,916 

4,764 

5,298 

3,300 

6 

6 

7 

7 

7 

7 

8 

8 

8 

9 

9 

9 

Uinta  Stage  II 

0 

0 

Dirty  Devil 

0 

0 

Price-Sen  Rafael  <Combined5 

52,741 

52,741 

2,805 

7,764 

8,563 

0,367 

9,228 

9,500 

6,435 

Lowor  Virgin 

1,547 

37,  174 

6,875 

10,573 

9,055 

496 

515 

535 

555 

576 

598 

621 

645 

669 

695 

721 

749 

77? 

007 

030 

070 

Palo  Verde  Irrigation  District 

0 

0 

Big  Sandy 

0 

0 

San  Juan  River 

0 

0 

06,700 

122,497 

4,216 

18,440 

23,395 

22, 150 

14,641 

14,059 

12,260 

3,855 

503 

605 

628 

652 

67? 

702 

729 

757 

706 

016 

047 

079 

Cumulative  Subtotal: 

4,216 

22,663 

46,058 

68,216 

82,857 

97,716 

109,984 

1 13,839 

114,422 

1 15,026 

115,654 

116,306 

116,982 

117,685 

110,414 

119, 171 

119,956 

120,772 

121,619 

122,497 

Subtotal  - LCRB  Fund  Share 

1,975 

4,784 

5,966 

5,650 

3,733 

3,789 

3,  128 

983 

149 

154 

160 

166 

173 

179 

186 

193 

200 

206 

216 

224 

753,263 

56,317 

11,605 

21,556 

25,534 

35,734 

47,391 

41,073 

44,214 

52,928 

62,986 

61,892 

51,545 

54,046 

49,978 

41,267 

26,098 

16,480 

13,512 

8,505 

5,090 

3,260 

3,385 

3,513 

3,647 

3,706 

3,931 

4,080 

CUMULATIVE  TOTAL: 

56,317 

67,922 

89,478 

115,012 

150,746 

190,  137 

240,010 

284,224 

337, 152 

399,238 

461, 130 

512,676 

566,722 

616,700 

657,967 

684,065 

700,553 

714,065 

722,570 

727,660 

730,920 

TOTAL  - LCRB  Fund  Share 

16 

17 

1,424 

2,915 

5,771 

7,975 

8,050 

10,551 

12,758 

12, 124 

9,797 

9,806 

9,  104 

6,728 

5,415 

5,331 

4,571 

3,292 

2,419 

1,950 

1,900 

2,011 

2,043 

2,076 

2,110 

2,146 

7,469 

6,271 

6,553 

6,222 

6,222 

6,222 

6,222 

6,222 

6,457 

6,234 

6,354 

6,066 

6,020 

6, 135 

5,961 

6,923 

10,217 

10 , 176 

9,965 

10, 123 

10,075 

C5065 

0,7795 

<3,9905 

<6,5355 

<5,9025 

<3,5755 

<3,5835 

<2,0025 

<2785 

819 

1,023 

1,496 

2,728 

3,716 

4,010 

4,943 

8,206 

Previous  Balance 

0 

<195 

’ <395 

2 , 307 

8,  141 

10,006 

9,500 

7,721 

3,723 

<3, 1115 

<9,9705 

<14,9845 

<20,5405 

<25,9115 

<28,9635 

<31, 1345 

<33,3115 

<35, 1965 

<35,9175 

<35,6235 

<34,9715 

<33,2185 

Dal 

7,721 

3,723 

<2,8125 

<9,0125 

<13,5455 

<18,5675 

<23,4225 

<26, 1815 

<28, 1445 

<30, 1125 

<31,8 155 

<32,4685 

<32,2015 

<31,6125 

<30,0285 

<25,0125 

<19,5375 

<13,7235 

<7,1675 

0 

Interest  Component 

<25 

<45 

0 

0 

0 

8 

0 

0 

<2995 

<9585 

<1,4395 

<1,9735 

<2,4095 

<2,7825 

<2,9905 

<3, 1995 

<3,3805 

<3,4505 

<3,4215 

<3,3595 

<7625 

TOTAL  - Balance 

< 195 

<395 

2,307 

8,  141 

10,006 

9,500 

7,721 

3,723 

<3, 1115 

<9,9705 

<14,9045 

<20,5405 

<25,9115 

<28,9635 

<31,1345 

<33,3115 

<35,1965 

<35,9175 

<35,6235 

<34,9715 

<33,2185 
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AE 
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========== 

========== 

=========== 

========= 

========== 

========== 

6 P.L. 93-320  Units 

Costs 

Costs 

1989 

1985 

1986 

1982 

1988 

1989 

1990 

1991 

1992 

1993 

1999 

1995 

1996 

2009 

2005 

<9  Grand  Valley  Stage  II 

10  Grand  Valley  - Balance  - 

1 1 Crystal  Geyser 

130, 128 
0 
0 

130,208 

0 

0 

3,950 

2,525 

5,099 

8,836 

11,361 

10,096 

11,361 

10,098 

9 

18,098 

8 

11,361 

8 

10,090 

8 

11,361 

0 

10,098 

e 

10.098 

8 

3,202 

6 

99 

e 

98 

0 

90 

8 

98 

8 

98 

8 

98 

8 

90 

8 

98 

e 

98 

8 

98 

8 

90 

|2  Las  Veqas  Wash  - Pittnan  - 

1,302 

2,682 

1,382 

50 

50 

50 

50 

50 

50 

50 

50 

25 

50 

25 

50 

25 

50 

25 

58 

25 

50 

25 

13  Las  Veqas  Wash  - Whitney  - 
M Las  Vegas  Wash  Staqe  II 

1,900 

0 

3,850 

0 

328 

560 

962 

25 

25 

25 

25 

25 

25 

50 

25 

50 

25 

58 

25 

50 

25 

50 

50 

50 

25 

50 

25 

50 

50 

15  Paradox  Galley  Unit 

65,238 

29,886 

13,390 

2,350 

12,862 

13,362 

12,862 

10,393 

956 

956 

956 

956 

956 

956 

956 

956 

956 

956 

25 

|!)  Cumulative  Subtotal: 

19 

2Q  LCRB  T und  Share 

93,628 

99,928 

65,290 

89,828 

102,051 

128,932 

139,625 

151,529 

162,261 

10,682 

122,999 

11,950 

109,098 

10,682 

195,505 

11,950 

202,535 

10,682 

218,222 

10,682 

228,909 

9,326 

233,205 

632 

233,922 

632 

239,560 

632 
235, 192 

63? 

235,039 

63? 

236,921 

63? 
232, 108 

63  2 
232,295 

63? 

230,383 

63? 

239,020 

63? 

239,65? 

63? 

290,299 

2 J Grand  Valley  Stage  I 
22  Grand  Valley  Stage  II 

129 

129 

129 

129 

129 

129 

129 

129 

129 

129 

129 

129 

129 

129 

129 

129 

129 

129 

129 

129 

563 

129 

563 

23  Grand  Valley  - Balance  - 

24  Las  Vegas  Wash  - Pittnan  - 

16 

16 

16 

16 

16 

16 

16 

16 

22 

16 

22 

16 

22 

16 

22 

563 

16 

22 

563 

563 

563 

563 

563 

563 

563 

25  Las  Vegas  Wash  - Whitney  - 

26  Las  Vegas  Wash  Stage  II 

22 

22 

22 

22 

22 

22 

22 

22 

22 

16 

22 

16 

22 

16 

22 

16 

22 

16 

22 

16 

16 

16 

22  Paradox  Valley  Unit 

329 

329 

329 

329 

329 

329 

329 

329 

329 

329 

329 

329 

329 

10 

jj  P.L. 98-569  Units 

532 

532 

532 

532 

532 

532 

532 

532 

1,  108 

1,  100 

1,  100 

1,  100 

1,180 

1,  100 

1,100 

1,100 

1,  100 

1,  100 

1,  100 

J3  Grand  Valley  USDfl 
35  Uinta  USDfl 

35  Lower  Gunnison  - Winter  Water  - 

36  Lower  Gunnison  Staqe  1 

59,292 

12,682 

0 

59,292 

30,082 

0 

6,689 

3,305 

1,962 

2,903 

1,682 

2,983 

1,962 

2,903 

9,229 

1,662 

2,986 

2,023 

1,962 

2,983 

5,035 

1,682 

2,983 

620 

1,962 

2,983 

620 

1,962 

2,903 

620 

1,682 

2,983 

620 

1,962 

2,906 

628 

1,682 

2,983 

620 

1,962 

2,983 

620 

1,962 

2,983 

620 

1,682 

2,983 

620 

1,602 

2,983 

620 

561 

2,983 

620 

1,989 

620 

999 

620 

620 

620 

620 

620 

620 

620 

620 

32  Lower  Gunnison  - North  Fork  - 

0 

0 

38  Lower  Gunnison  1 USDfl 

21,511 

21,511 

930 

1,291 

2,  151 

1,936 

2,  151 

2, 151 

2,  151 

2,  151 

39  Lower  Gunni son  2 Montrose  USDfl 

22,828 

952 

1 , 320 

2,283 

2,059 

2,283 

2,283 

2,283 

913 

10  Lower  Gunnison  2 Delta  USDfl 

215 

1,282 

2,323 

2,502 

2,323 

2,323 

2,323 

2\ 323 

1,251 

91  Lower  Gunnison  3 USDfl 

3,595 

3,595 

921 

1,938 

1,  106 

42  Dolores  - Salinity  Control  - 

25,090 

25,090 

6,261 

10,016 

8,263 

13  McElmo  Creek  USDfl 

11,659 

11,659 

200 

1,865 

1,982 

1,865 

1,982 

1,982 

1,282 

11  Biq  Sandy  USDfl 

8, 159 

8,  159 

990 

1,305 

1,382 

1,305 

1,382 

1,382 

890 

15  Virgin  Valleu  USDfl 

0 

0 

16  Moapa  Valley  USDfl 

3,633 

3,633 

659 

1,059 

1,859 

822 

12  Price  USDfl 

0 

0 

98  Hancos  Valley  USOfl 

0 

0 

19  Palo  Verde  Irrig  District  USOfl 

0 

0 

51  Subtotal  P.L. 98-569  Units 

222,621 

290,021 

12,689 

5,255 

9,995 

9,665 

9,219 

18,921 

29,096 

20,011 

15,853 

18,001 

16,931 

19,205 

19,029 

13,390 

12,323 

620 

232,591 

620 

238,211 

620 

230,031 

620 

239,951 

620 

290,021 

52  Cumulative  Subtotal : 

• 12,609 

12,999 

22,689 

22,559 

32,223 

56, 199 

80,291 

109,251 

1 16,  109 

139, 106 

158,532 

165,292 

129,266 

192,656 

209,929 

215,220 

229, 190 

230 |595 

239 j 1 12 

235,231 

236,351 

236,921 

59  Subtotal  - LCRB  Fund  Share 

55 

56  Regaining  Units 

1,  190 

2,928 

9,825 

6,132 

6,  103 

9,093 

9,590 

9, 190 

3,250 

3,526 

3,919 

3, 192 

2,239 

2,  199 

1,699 

898 

912 

158 

158 

158 

158 

150 

158 

158 

58  Sinbad  Valley  iBLM? 

0 

0 

59  Uinta  Stage  I 

22,552 

22,595 

1,128 

2,932 

3, 152 

3,383 

3,383 

3, 152 

3,383 

2,030 

9 

9 

9 

b0  Uinta  Staqe  II 

0 

0 

61  Dirty  Devil 

0 

0 

62  Price-Sen  Rafael  CConbined? 

32,350 

32,350 

2,291 

5,926 

6,399 

5,926 

6,399 

6,399 

9,  108 

63  Lower  Virgin 

19,600 

25,065 

5,292 

2,890 

6,968 

392 

392 

392 

392 

392 

392 

392 

392 

392 

392 

392 

392 

392 

392 

69  Palo  Verde  Irrigation  District 

0 

0 

65  Bi  g Sandy 

0 

0 

66  San  Juan  River 

0 

0 

68  Subtotal  Renaming  Units 

29,502 

85,010 

3,369 

19,200 

12,392 

15,022 

10,029 

9,898 

2,033 

2,321 

395 

395 

395 

395 

395 

395 

395 

395 

395 

395 

395 

69  Cunulative  Subtotal: 

3,369 

12,568 

39,915 

50,292 

b0,816 

20,669 

20,992 

80,860 

81,213 

81,558 

81,903 

82,298 

82,599 

82,939 

83,289 

83,629 

03,929 

89,319 

89,669 

65,010 

21  Subtotal  - LCRB  Fund  Share 

22 

23  TOrflL  - ALL  UNITS 

859 

3,621 

9,923 

9,036 

2,569 

2,511 

1,992 

605 

88 

88 

08 

88 

80 

08 

88 

88 

88 

88 

88 

88 

539,219 

565,325 

56,312 

11,605 

28,265 

23,699 

31,993 

90,000 

39,239 

35,329 

90,290 

96,035 

99,208 

35,966 

35,822 

31,910 

25,381 

15,963 

9,910 

2,929 

9,509 

2,59? 

1,602 

1,602 

1,602 

1,682 

1,602 

1,682 

1,602 

29  CUMULATIVE  TOTAL: 

25 

26  TOTAL  - LCRB  Fund  Share 
22 

20  LCRB  Funds 

56,312 

62,922 

88,602 

112,381 

199,329 

185, 132 

219,865 

255,  199 

295,939 

391,969 

386,122 

921,693 

952,965 

909 , 325 

519,256 

530,219 

539,629 

592,050 

551,562 

559, 159 

555,261 

552,363 

558,966 

560,560 

562, 120 

563,222 

565,325 

0 

16 

16 

1,338 

2,619 

9,988 

6,669 

6,999 

0,200 

9,551 

8,263 

6,855 

6,629 

5,999 

9,289 

3,369 

3,339 

2,832 

2,086 

1,600 

1,396 

1,396 

1,396 

1,396 

1,396 

1,396 

1,396 

0 

0 

0 

3,228 

8,299 

2,636 

2,969 

6,221 

6,553 

6,222 

6,222 

6,222 

6,222 

6,222 

6,952 

6,239 

6,359 

6,066 

6,020 

6, 135 

5,961 

6,923 

10,21? 

10, 126 

9,965 

10, 123 

10,025 

29  Balance 

0 

<165 

<165 

2,990 

6,129 

2,698 

801 

(228) 

<1,692? 

<3,328? 

<2,590? 

<633? 

(902> 

229 

2,  129 

2,820 

3,016 

3,239 

3,933 

9,535 

* 9,619 

5,52? 

8,820 

8,030 

8,619 

8,22? 

8,229 

68  Previous  Balance 

0 

0 

<195 

<395 

2,901 

8,531 

11,129 

11,980 

11,252 

10, 105 

6,222 

9,236 

3,603 

3,201 

3,925 

5,698 

0,519 

11,535 

19,269 

18,203 

23,238 

22,052 

33,929 

92,299 

51, 129 

59,29? 

68,529 

82  Balance 

0 

<165 

<355 

2,901 

8,531 

11,129 

11,980 

11,252 

10, 105 

6,222 

9,236 

3,683 

3,201 

3,925 

5,690 

8,519 

11,535 

19,269 

18,203 

23,238 

22,852 

33,929 

92,299 

51,129 

59,29? 

60,529 

22,253 

03  Interest  Component 

0 

C25 

<95 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

85  TOTAL  - Balance 

0 

C 195 

<395 

2,901 

8,531 

11,129 

11,980 

11,252 

10, 105 

6,222 

9,236 

3 , 683 

3,201 

3,925 

5,690 

0,519 

11,535 

19,269 

18,203 

23,238 

22,852 

33,929 

92,299 

51,129 

59,29? 

68,529 

22,253 

< 
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Table  D-3 


Data  Table  Sunaary  for  1986  Repayient  Analysis  CHECK/November  21,  1986 
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Total  Remaining  Program  Costs:  497,452,975 


Appendix  E 


Changes  in  the  1986  Evaluation  Process 

and 

Recommended  Plan 


119 


EVL86 

November  20,  1986 


Changes  in  the 
1986  Evaluation  Process 

1.  Modify  USDA  Data  Table  project  costs,  salt  load  reductions, 
and  construction  periods  used  in  the  Least  Cost  Investment 
Model  to  their  Federal  cost  share  percentages  with  the 
exception  of  Big  Sandy,  Grand  Valley,  and  Uinta  which 
shall  be  85,  80,  and  60  percent,  respectively,  as  presently 
shown  in  the  Data  Tables.  Use  80  percent  for  Mancos 
Valley,  rather  than  the  planned  cost  share  shown  in  the 
Data  Tables. 

2.  Use  BR  Data  Table  project  costs,  salt  load  reductions,  and 
construction  periods  in  the  Least  Cost  Investment  Model. 

3.  Establish  an  analytical  process,  using  best  available 
methodology  to  project  salt  load  reduction  goals  through 
the  year  2010,  to  establish  the  overall  salt  load  reduction 
objective  for  the  program.  This  objective  would  be  used  to 
develop  a basinwide  salinity  control  plan  for  inclusion  in 
the  1986  Evaluation  Report. 

4.  Use  1985  fixed  start  array  in  the  Least  Cost  Investment 
Model. 

5.  Start  USDA  Big  Sandy  in  1989  in  the  Least  Cost  Investment 
Model. 

6.  Revise  the  Data  Tables  for  BR’s  Grand  Valley  II  and  Lower 
Virgin  Units,  the  BR/SCS  combined  Price-San  Rafael  Unit, 
and  reduce  BR’s  LVW  Whitney  to  1-Kton  SLR  and  use  updated 
costs  to  be  provided  by  LC  Region. 

7.  Include  the  following  projects  only  as  last  priorities  in 
the  Least  Cost  Investment  Model: 

a.  USDA  - Virgin  Valley 

b.  BR  - Lower  Gunnison  II 

c.  BR  - Las  Vegas  Wash  II 

8.  Do  not  include  the  following  projects  in  the  Least  Cost 
Investment  Model  analysis: 

a.  BR  - Grand  Valley  Deferred 

b.  BR  - Glenwood-Dotsero  Springs 

c.  BR  - Weather  Modification 
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Introduction 


The  USBR  (U.S.  Bureau  of  Reclamation)  annually  reevaluates  the  CRWQIP 
(Colorado  River  Water  Quality  Improvement  Program),  in  cooperation  with  the 
USDA  (U.S.  Department  of  Agriculture).  The  annual  review  is  based  on  com- 
puter simulations  of  salinity  in  the  Colorado  River  based  on  projections  of 
future  development.  The  process  is  fully  described  in  USBR-USDA  (1985),  which 
should  be  consulted  for  details. 

The  1986  review  of  the  CRWQIP  was  conducted  during  June  based  on  the  results 
obtained  from  CRSS  (Colorado  River  Simulation  System)  in  May.  The  results 
indicated  that  approximately  300k  tons  less  salt  than  was  indicated  in  1985 
(USBR-USDA,  1985)  would  have  to  be  removed  annually  from  the  Colorado  River  by 
year  2010  to  maintain  the  standard  at  Imperial  (879  mg/L  TDS  (total  dissolved 
solids)).  This  investigation  was  undertaken  to  determine  the  cause  of  the 
300k -ton  difference  between  1985  and  1986  projections. 

During  the  1986  review  it  was  noted  that  there  was  a significant  change  in  the 
depletion  schedules  between  1985  and  1986.  The  difference  in  the  projected 
depletions  was  primarily  due  to  a delay  in  the  development  of  oil  shale  reserves 
in  the  Upper  Basin  and  an  anticipated  delay  in  the  construction  of  water  develop- 
ment projects  by  Reclamation.  Since  the  depletion  schedules  were  based  in 
part  on  information  provided  by  the  States,  they  were  requested  to  reevaluate 
their  information.  On  the  basis  of  updated  data  (hereinafter  referenced  as 
the  June  1986  depletion  schedule),  CRSS  was  rerun.  The  resulting  target  was 
1,099k  tons  which  was  still  182k  tons  less  than  the  1985  target  of  1,281k 
tons.  It  was  also  noted  that  the  1986  CRSS  results  also  could  result  from 
other  differences  between  the  two  evaluations.  The  CRSS  differences  included 
a different  set  of  coefficients  for  computing  natural  salinity  (Mueller  and 
Osen,  in  prep.)  and  different  initial  reservoir  salinities.  Due  to  these  dif- 
ferences and  a request  from  the  Forum  Work  Group  to  evaluate  the  effects  of 
having  Lakes  Mead  and  Powell  at  maximum  reservoir  levels,  a sensitivity  analy- 
sis was  undertaken  to  evaluate  the  individual  effects  of  each  of  these  factors 
on  the  resulting  salinity  reduction  target. 

Methods 

The  initial  CRSS  sensitivity  analysis  was  performed  by  comparing  various  modi- 
fications (cases)  of  input  data  and  starting  conditions  to  a base  case.  The 
base  case  was  defined  by  the  following  conditions: 

1.  Depletions  were  held  constant  at  the  1986  level,  as  defined  by  the  June 
1986  depletion  schedule; 

2.  Initial  reservoir  salinities  were  defined  by  the  January  1,  1986,  values, 
i.e.,  Powell  at  500  mg/L  and  Mead  at  575  mg/L; 

3.  Initial  reservoir  contents  were  set  at  the  January  1,  1986,  levels,  i.e., 
Powell  at  22,993k  acre-ft  and  Mead  at  23,720k  acre-ft; 

4.  Salinity  coefficients  consist  of  those  in  the  updated  1986  hydrology  file 
(Muel ler  and  Osen,  in  prep.) 
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The  cases  that  were  evaluated  are  defined  by  the  following  modifications: 
Case  1 - variable  future  depletions  using  the  June  1986  depletion  schedule; 
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Case  2 - raise  initial  reservoir  salinities;  i.e.,  set  Powell  and  Mead  at 
550  and  750  mg/L,  respectively; 

Case  3 - decrease  initial  reservoir  contents  by  2M  acre-ft,  i.e.,  set  Powell 
and  Mead  at  20,993k  and  21,720k  acre-ft,  respectively; 

Case  4 - use  1985  salinity  coefficients  (pre-USGS  (Mueller  and  Osen,  in  prep.)); 

Case  5 - variable  future  depletions  using  the  October  1985  depletion  schedule. 

CRSS  runs  were  made  as  usual  for  target  computation,  15  traces  incremented  by 
5 years.  The  averages  over  the  traces  for  the  55-year  period  1986  through 
2040  were  entered  into  the  salt  reduction  target  program.  The  resulting 
targets  were  smoothed  using  SPSS  program  regression  (Cohen  et_  a_K , 1984);  spe- 
cifically, the  distribution  of  targets  over  time  were  fit  to  a 4th  degree 
polynomial  regression  equation  (Kim  and  Kohout,  1975).  The  results  were  com- 
pared using  the  Wilcoxon  Matched-Pairs  Ranked-Signs  Test  (Hull  and  Nie,  1981). 

After  a discussion  of  the  results  of  the  first  sensitivity  analysis,  it  was 
decided  to  undertake  a second  sensitivity  analysis  to  evaluate  the  major  dif- 
ferences between  the  1985  and  1986  CRSS  runs.  In  the  second  sensitivity 
analysis,  the  Base  Case  was  based  on  the  following: 

1.  Initial  conditions  were  set  as  for  the  1986  CRWQIP  evaluation. 

2.  The  pre-Mueller  and  Osen  (in  prep.)  salinity  coefficients  were  used. 

3.  The  October  1985  depletion  schedule  was  used. 

The  three  cases  to  be  compared  to  the  base  included: 

1.  Use  of  the  June  1986  depletion  schedule; 

2.  Use  of  the  Mueller  and  Osen  (in  prep.)  salinity  coefficients; 

3.  Use  of  both  the  June  1986  depletion  schedule  and  revised  salinity  coef- 
ficients . 

Number  3 was  undertaken  to  evaluate  the  addivity  of  the  differences.  In  addi- 
tion, the  second  analysis  was  to  be  based  on  the  more  standard  techniques  for 
smoothing  the  targets.  This  includes  a fit  to  a logistic  growth  model  as 
described  in  Odum  (1971).  The  fit  is  made  using  the  SPSS  nonlinear  regression 
procedure  (Robinson,  1984).  As  above,  the  results  were  compared  using  the 
Wilcoxon  Matched-Pairs  Test. 
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Results 


Sensitivity  Analysis  Number  1 


The  results  of  the  first  sensitivity  analysis  are  summarized  in  table  1.  With 
the  exception  of  the  targets  for  cases  1 and  5,  both  of  which  are  based  on 
increasing  depletion  schedules,  the  targets  are  negative,  and  thus  are  not 
truly  targets.  In  the  case  of  negative  values,  the  "targets"  represent  the 
amount  of  salt  that  could  be  added  before  the  standard  at  Imperial  is  reached. 
Because  the  first  sensitivity  analysis  yielded  a preponderance  of  negative 
numbers,  polynomial  regressions  were  used  to  smooth  the  data;  the  nonlinear 
regression  procedure  cannot  handle  negative  numbers. 


The  poorest  fit  to  the  4th  degree  polynomial  regression  that  was  used  to 
smooth  the  data  is  exhibited  by  case  2,  the  higher  initial  reservoir  salinity. 
The  poor  fit  is  a reflection  of  the  absence  of  the  increase  in  salinity  that 
occurs  over  the  first  in  years  in  all  other  cases.  The  increase  is  due  to  the 
return  of  the  system  to  an  average  condition.  The  current  wet  period  has  pro- 
duced low  salinity  by  dilution  due  to  the  greater  than  average  water  yield 
throughout  the  basin  over  the  last  several  years.  For  comparative  purposes, 
plots  of  the  targets  and  the  polynomial  regressions  appear  in  appendix  A.  The 
absence  of  the  early  dilute  condition  is  evident  in  the  plots. 


Case  3,  the  low  initial  reservoir  contents,  is  the  only  one  that  does  not 
yield  significantly  greater  targets  than  the  base  case.  The  difference  in  the 
Upper  Basin  target  for  year  2010  is  only  22k  tons  greater  than  the  base.  The 
overall  Z (Wilcoxon  Test)  is  less  than  1,  which  indicates  no  statistically 
significant  difference  between  the  base  case  and  case  3 targets. 

The  next  largest  difference  from  the  base  case  is  exhibited  by  case  4,  the 
effect  of  the  new  salinity  coefficients.  The  difference  in  the  2010  target  is 
188k  tons.  This  is  slightly  greater  than  the  total  difference  between  the 

1985  target  and  the  one  developed  for  the  July  1986  Forum  Work  Group  meeting. 
As  indicated  above,  the  total  difference  at  that  time  between  the  1985  and 

1986  targets  was  182k  tons.  Without  considering  any  differences  in  depletion 
schedules,  case  4 yielded  a difference  that  was  as  great  as  the  total  dif- 
ference between  the  1985  and  1986  targets. 


The  effect  of  depletion  schedules  can  be  determined  by  subtracting  the  case  1 
target  from  that  for  case  5.  This  yields  a difference  of  101k  tons.  When 
added  to  the  difference  due  to  the  coefficients  (case  4),  the  total  is  289k 
tons-  this  is  over  100k  tons  greater  than  the  difference  in  the  1985  and  1986 
targets.  The  reason  for  this  was  not  discovered  until  the  second  sensitivity 
analysis  was  undertaken. 


At  the  USBR-USDA  coordination  meeting  during  May  when  the  initial  1986  targets 
were  discussed,  it  was  noted  that  the  year  2020  was  an  extreme  low  point  in 
the  distribution  of  targets  over  time  (see  appendix  A -year  35  equates  to 
2020)  Following  that  meeting  the  effects  of  the  period  of  record  used  in  the 
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derivation  of  the  nonlinear  regression  were  evaluated.  The  July  target 
referenced  above  was  based  on  an  ending  year  of  2023,  which  brought  the 
targets  following  the  2020  low  back  to  the  approximate  midpoint  of  the  5-year 
CRSS  cycle.  The  difference  in  the  2020  and  2023  regressions  in  estimating  the 
Upper  Basin  2010  target  was  45k  tons  (1,054  vs.  1,099k  tons).  Thus,  of  the 
lOlk-ton  increase  in  the  target  between  May  and  July,  56k  tons  were  due  to  the 
reevaluation  of  the  depletion  schedule  and  45k  tons  were  due  to  the  elimina- 
tion of  the  extreme  low  at  the  ending  year  of  the  period  used  to  derive  the 
regression.  In  deriving  the  1985  target,  the  year  2020  would  have  been 
equivalent  to  2021  in  the  1986  analysis.  Thus,  the  final  year  used  in  com- 
puting the  1985  targets  would  not  have  affected  the  regression  to  the  degree 
that  it  has  in  computing  the  1986  targets.  This  can  be  illustrated  by  backing 
off  the  period  to  2019;  doing  so  yields  a 2010  target  of  1047  or  a value  simi- 
lar to  what  was  obtained  by  extending  the  period  to  2023. 

Sensitivity  Analysis  Numbe r 2 

The  results  of  the  second  sensitivity  analysis  are  summarized  in  table  2; 
plots  of  the  individual  targets  and  fitted  regressions  appear  in  appendix  B. 
Table  2 also  shows  the  effects  of  the  different  periods  used  to  generate  the 
target  regression  and  includes  two  different  runs  for  analysis  2.  Run  1 of 
analysis  2 yields  results  that  are  similar  to  those  for  analysis  1,  where  case 
4 (equivalent  to  case  1 in  table  2)  showed  188k  tons,  and  the  difference 
between  cases  1 and  5 (equivalent  to  case  2 in  table  2)  was  101k  tons  (table  1). 
The  equivalent  differences  in  the  two  analyses  are:  case  2 (table  2)  with  4 
(table  1)  between  181  and  196k  tons,  depending  on  the  period  used  to  compute 
the  regression;  and  case  1 (table  2)  with  the  case  1 and  case  5 (table  1)  dif- 
ference, yielding  differences  ranging  from  62  to  80k  tons  (table  2).  However, 
in  entering  the  data  to  compute  the  targets  for  case  2 (table  2),  it  was 
noticed  that  the  discharge  data  were  different  from  the  previous  two  cases. 
Differences  in  discharge  are  expected  due  to  the  use  of  different  depletion 
schedules  but  not  from  a simple  change  in  the  coefficients  used  to  estimate 
salinity  from  discharge.  Therefore,  a review  of  the  hydrology  data  bases  was 
undertaken. 

A second  CRSS  run  using  the  same  criteria  as  above  for  sensitivity  analysis  2 
was  also  made.  These  results  also  appear  in  table  2 and  are  labelled  run  2. 

The  most  noteworthy  difference  is  the  decline  in  the  effect  of  the  salinity 
coefficients  from  somewhere  in  the  range  of  181  to  196  for  case  2 (table  2)  to 
about  48k  tons  (table  2 - see  case  2,  run  2).  A review  of  the  first  sen- 
sitivity analysis  indicated  that  the  differences  in  discharge  also  appeared  in 
that  run,  and  the  188k  ton  difference  attributed  to  the  update  to  the  salinity 
coefficients  was  in  reality  due  to  input  of  different  hydrology  data  bases  in 
making  the  runs. 

Table  2 presents  the  results  for  each  case  and  each  run.  These  results  can  be 
used  to  compare  the  influence  of  (1)  different  depletion  schedules  and 
salinity/discharge  coefficients  for  each  case  to  its  respective  base  case,  and 
(2)  compare  the  effect  of  different  hydrology  data  bases  across  runs.  Table  2 
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also  shows  each  run  and  case  as  it  is  affected  by  different  ending  years  used 
in  deriving  the  regression.  Although  it  is  not  shown  in  the  table,  the 
results  of  Wilcoxon  Matched-Pairs,  Signed-Ranks  Tests  (Z)  on  the  target 
distributions  for  the  different  ending  years  all  show  highly  significant  dif- 
ferences (probability  of  a greater  Z less  than  0.01).  In  other  words,  by  way 
of  example,  the  regressions  for  the  base  cases  for  the  periods  ending  in  2019, 
2020  and  2023  all  yield  significantly  different  results. 

Table  3 presents  a breakdown  of  the  individual  changes  that  have  been  iden- 
tified as  having  occurred  between  the  computation  of  the  1985  targets  and  the 
present  (lines  1-4).  Also  presented  is  a further  breakdown  of  differences 
between  May  and  July  1986,  when  the  initial  review  of  the  depletion 
schedules  was  undertaken.  The  targets  presented  in  table  3 are  mostly  based 
on  the  period  through  2019  and  are  not  directly  comparable  to  any  of  the 
targets  generated  for  use  in  the  general  evaluation  of  the  Salinity  Control 
Program.  They  should,  however,  be  based  on  the  same  period  as  the  1985  target 
and  be  directly  comparable  with  it. 

On  the  basis  of  table  3,  the  largest  difference  appears  to  be  due  to  differ- 
ences in  the  hydrology  data  bases  used  in  making  the  CRSS  computer  runs.  As 
near  as  can  be  determined  at  least  three  different  hydrology  data  bases  were 
used  during  the  sensitivity  analysis.  These  include  the  two  that  appear  in 
run  1 of  analysis  2 (table  2).  The  difference  between  these  two  can  be  shown 
for  all  periods  appearing  in  table  2 by  the  difference  between  the  base  and 
case  2 for  run  1 less  the  effect  of  the  salinity  coefficients  from  case  3 of 
run  2.  Corrections  were  made  to  the  hydrology  data  base  between  runs  1 and  2 
making  the  third  data  base.  As  near  as  can  be  determined,  the  data  bases  used 
in  run  1 were  last  modified  in  February  1985  for  the  base  case  and  case  1 and 
in  late  1985,  when  the  USGS  salinity  coefficents  were  being  entered,  for  cases 
2 and  3.  The  corrections  between  run  1 and  run  2 effected  a further  reduction 
in  the  target  of  about  7-8,000  tons.  Since  it  was  impossible  to  recreate  the 
1985  CRSS  output  to  generate  the  target,  it  appears  that  there  was  an  addi- 
tional data  base  in  use  when  the  1985  target  was  computed.  However,  it  cannot 
be  located  or  identified  at  this  time. 

At  the  time  the  initial  or  May  1986  target  was  computed,  the  feeling  was  that 
the  update  to  the  depletion  schedule  effected  the  disparity  between  the  1985 
and  1986  targets,  i.e.,  1,281  ^s.  998k  tons.  The  actual  effect  of  the  deple- 
tion schedule  update  was  about  99k  tons;  this  is  the  sum  of  lines  3 and  7, 
table  3.  This  was  reduced  to  77k  tons  following  the  reevaluation  of  their 
respective  depletion  schedules  by  the  member  States  during  early  June  1986. 

Coincident  with  the  review  of  the  depletion  schedules,  an  evaluation  of  the 
effect  of  the  2020  salinity  low  was  undertaken.  The  correction  for  that  also 
affected  the  target  by  extending  the  regression  input  data  through  2023.  The 
equivalent  effect  of  backing  off  1 year  is  shown  in  table  3,  line  6,  and  it 
amounts  to  27k  tons. 

In  summary,  the  difference  between  the  salinity  reduction  targets  computed 
during  June  of  1985  and  May  of  1986,  which  totaled  283k  tons,  can  be  attri- 
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buted  to  a variety  of  factors.  The  main  one  includes  several  changes  to  the 
hydrology  data  base.  Two  changes  that  have  been  identified  are  replacement  of 
provisional  USGS  discharge  data  with  final  values  and  changes  to  evapo- 
transpi ration  rates  of  phreatophytes  in  the  Lower  Colorado  Basin.  The  second 
major  difference  is  attributable  to  the  update  to  the  depletion  schedule. 
Lesser  differences  were  caused  by  the  use  of  better  salinity  coefficents  and 
the  inclusion  of  an  atypical  year  as  an  ending  coordinate  in  the  target 
regression.  The  effect  of  these  differences  vary  with  respect  to  each  other 
and  further  vary  due  to  the  final  set  of  paired  data  points  used  to  derive  the 
target  regression. 

In  initially  discussing  table  3,  it  was  noted  that  the  targets  presented  in 
the  table  were  not  comparable  to  targets  used  in  evaluating  the  CRWQIP.  With 
certain  minor  adjustments,  the  table  3 data  can  be  put  on  an  equivalent  basis 
to  the  current  target.  The  adjustment  involves  a surrogate  for  extending  the 
period  used  in  computing  the  1985  target  from  a period  of  record  through  2020 
to  one  through  2040.  The  necessary  adjustments  can  be  made  in  different  ways. 
Two  examples  are  shown  in  tables  4 and  5. 

Table  4 shows  adjustments  made  based  on  the  effects  as  derived  from 
regressions  based  on  the  period  1995  through  2019.  The  adjustment  shows  that 
the  differences  are  not  strictly  additive  based  on  the  1995  through  2019 
regressions  (table  4,  line  11).  This  is  also  illustrated  by  data  presented  in 
table  2.  For  the  1995  through  2019  regressions  (table  2,  run  2),  the  sum  of 
the  individual  differences  of  cases  1 and  2 is  77  + 44k  tons  = 124k  tons. 

When  the  two  effects  (depletions  and  salinity  coefficients)  were  combined  into 
a single  CRSS  run,  the  resulting  regression  yielded  a difference  from  the  base 
case  of  120k  tons  (table  2,  run  2,  case  3),  or  once  again  a difference 
amounting  to  4k  tons  between  the  effects  individually  as  opposed  to  their  com- 
bined effect. 

Table  4 again  presents  the  individual  differences  attributable  to  changes  in 
hydrologic  input  data,  the  deletion  schedule,  and  the  salinity  discharge  coef- 
ficients as  used  in  CRSS  for  computing  the  1985  target  and  the  current  target. 
The  total  difference  computed  from  the  individual  targets  from  sensitivity 
analysis  2 is  238k  tons  of  salt  (table  4,  line  10).  The  difference  between 
the  1985  target  and  the  current  target  is  only  190k  tons  (table  4,  line  4). 

If  an  adjustment  is  made  based  on  the  difference  between  the  equivalent 
regressions  (run  2,  case  3)  for  the  periods  1995  through  2019  and  1995  through 
2040,  the  totals  are  approximately  equal  (table  4,  line  11),  as  described 
above.  Since  the  differences  can  now  be  related  to  a common  base,  percentages 
of  the  total  difference  can  be  computed  for  each  of  the  individual  changes  to 
CRSS.  These  are  also  shown  in  table  4 (lines  12,  13,  and  14).  These  show 
that  almost  half  of  the  total  difference  from  the  1985  target  can  be  attri- 
buted to  changes  in  the  hydrologic  data  base  with  the  remainder  due  to  updates 
to  depletions  and  salinity  coefficients;  the  latter  amount  to  about  30  and  20 
percent  of  the  total,  respectively. 

Table  5 presents  a similar  set  of  computations  as  table  4.  Table  5 shows  the 
adjustment  and  conversion  to  percentages  based  on  the  regressions  derived 
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using  the  period  1995  through  2040.  The  resulting  percentages  (table  5,  lines 
12,  13,  and  14)  are  essentially  the  same  (within  rounding  error)  as  those  from 
table  4.  However,  the  regressions  derived  from  the  longer  period  (1995-2040) 
yield  individual  differences  from  the  base  that  sum  to  the  collective  effect 
of  updated  depletions  and  salinity  coefficients.  The  percentages  shown  in 
table  5 are  those  that  appear  in  the  elsewhere  in  this  Evaluation  Report. 
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Table  1:  Results  of  CRSS  Sensitivity 

Analysis  No.  1:  Comparison  of  Targets  by  Case 


Case 

Medi an 
Target 

(k  tons  TDS) 

Target 
in  2010 
(k  tons  TDS) 

Di  f ference 
From  Base 
(k  tons) 

R2 

( Target 
on  Year) 

Wilcoxon  Test 

T 

(with  Base) 

Prob.  > | Z | 

Base 

-575 

-572 

- 

0.874 

- 

- 

1 

970 

991 

1563  2/ 

0.970 

-6.45 

<0.0001 

2 

-569 

-521 

51 

0.305 

-2.31 

0.021 

3 

-575 

-550 

22 

0.814 

-0.96 

0.335 

4 

-386 

-384 

188 

0.884 

-6.45 

<0.0001 

5 

1080 

1092 

1664  y 

0.971 

-6.44 

<0.0001 

Difference  due  to  alternative  depletion  schedule  is  101k  tons. 
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Table  2:  Results  of  Sensitivity  Analysis 

No  2 - Comparison  of  Results  by  Run 
and  by  Case 


Peri  od 

Run 

Case 

Medi an 
Target 
(k  tons) 

Target 
in  2010 
(k  tons) 

Di  f ference 
from  Base 
(k  tons) 

Wilcoxon  Test 

Z 

(with  Base) 

Prob.  > |Zj 
(n  = 26) 

1995- 

1 

Base 

137  6 

1360 

2040 

1 

1339 

1287 

73 

4.46 

<0.0005 

2 

1190 

1179 

181 

4.46 

<0.0005 

3 

1167 

1098 

262 

4.46 

<0.0005 

2 

Base 

1230 

1218 

_ 

_ 

1 

1205 

1139 

79 

3.70 

<0.0005 

2 

1180 

1170 

48 

4.46 

<0.0005 

3 

1159 

1091 

127 

4.23 

<0.0005 

1995- 

1 

Base 

1173 

1295 

_ 

_ 

2020 

1 

1013 

1216 

79 

4.46 

<0.0005 

2 

1007 

1102 

193 

4.46 

<0.0005 

3 

886 

1028 

267 

4.46 

<0.0005 

2 

Base 

1041 

1141 

_ 

_ 

1 

928 

1064 

77 

4.38 

<0.0005 

2 

998 

1093 

48 

4.46 

<0.0005 

3 

880 

1020 

121 

4.46 

<0.0005 

1995- 

1 

Base 

1175 

1307 

- 

_ 

<0.0005 

2023 

1 

1002 

1245 

62 

4.46 

<0.0005 

2 

1010 

1119 

188 

4.46 

<0.0005 

3 

875 

1060 

247 

4.46 

<0.0005 

2 

Base 

1043 

1158 

- 

_ 

_ 

1 

919 

1095 

63 

4.25 

<0.0005 

2 

1001 

1110 

48 

4.46 

<0.0005 

3 

869 

1052 

106 

4.41 

<0.0005 

1995- 

1 

Base 

1177 

1324 

- 

- 

- 

2019 

1 

1004 

1244 

80 

4.46 

<0.0005 

2 

1010 

1128 

196 

4.46 

<0.0005 

3 

879 

1054 

25  7 

4.46 

<0.0005 

2 

Base 

1044 

1167 

_ 

- 

- 

1 

993 

1090 

77 

4.36 

<0.0005 

2 

1002 

1120 

47 

4.46 

<0.0005 

3 

873 

1047 

120 

4.46 

<0.0005 
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Table  3:  Summary  of  Differences  Between  the  1985  Salinity 

Reduction  Target  and  Estimates  from  Sensitivity 
Analysis  2:  Regressions  Through  2019 


Basis  for  Target 

Target  in 
2010  (k  tons) 

Di  f ference 
From  Preceding 
Target  (or  base) 

Total 

1. 

1985 

Evaluation  Report 

1281 

-- 

2. 

Base 

Case,  Run  2 

1167 

1281-1167  = 114 

3. 

Case 

1 (1986  Depletion  Schedule) 

1090 

1167-1090  = 77 

4. 

Case 

2 (USGS  Salinity  Coefficients) 

1120 

1167-1120  = 47 

Current  Total 

-- 

-- 

238 

5. 

Case 

3 (Current  Depletions  and 
Salinity  Coefficients) 

1047 

-- 

6. 

Case 

3 - Period  Through  2020 

1020 

1047-1020  = 27 

7. 

May 

1986  Target 

998 

1020-998  = 22 

Total  Due  to  Initial  Depletion 
Review  and  Year  2020  Low 

-- 

-- 

49 

Total  Difference 

283 

287 
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TABLE  4:  CONVERSION  OF  DIFFERENCES  USING  REGRESSIONS  BASED  ON  THE 

PERIOD  1995-2019:  PERCENT  CHANGE  DUE  TO  MODIFICATIONS  TO  CRSS 

BETWEEN  MAY  1985  AND  JUNE  1986 


Source  of  Target 
or  Effect 

Target 
(k  tons) 

Source  of  Effect 
(Columns  5 & 6) 

Effect : 
Salt  Load 
(k  tons) 

Net 

Effect 
( Percent ) 

1. 

1985  Target 

1281 

_ 

2. 

Current  ( 1986)  Target 

1091 

- 

3. 

2019  Regression  Target 

1047 

- 

4. 

Effect  of  Regression 

- 

1091  - 1047  = 

44 

5. 

1985  T 1986  Change 

- 

1281  - 1091  = 

190 

6. 

Adjusted  Total 

- 

190  + 44  = 

234 

7. 

Effect  of  Changes  to 
Hydrologic  Input  Data 

- 

Table  3,  Line  2 = 

114 

8. 

Effect  of  Changes  to 
Depletion  Schedule 

- 

Table  3,  Line  3 = 

77 

9. 

Effect  of  Coefficients 

- 

114  +77+47 

238 

11. 

Non-Addi ti vi ty 

- 

238  - 234  = 

4 

12. 

Hydrologic  Input  Data 

- 

(114/238)  • 100  = 

48 

13. 

Depletion  Schedule 

- 

(77/238)  • 100  = 

32 

14. 

Salinity  Coefficients 

- 

(47/238)  • 100  = 

20 
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TABLE  5:  CONVERSION  OF  DIFFERENCES  USING  REGRESSIONS  BASED  ON  THE 

PERIOD  1995  THROUGH  2040:  PERCENT  CHANGE  DUE  TO  MODIFICATIONS 

TO  CRSS  BETWEEN  MAY  1985  AND  JUNE  1986 


Source  of  Target 
or  Effect 

Target 
(k  tons) 

Source  of  Effect 
(Col umns  5 & 6 ) 

Effect : 
Salt  Load 
(k  tons) 

Net 

Effect 

(Percent) 

1. 

1985  Target 

1281 

2. 

Equivalent  Base 
(1995-2019) 

1167 

3. 

Hydrologic  Input  Data 

- 

1281  - 1167  = 

114 

4. 

Equivalent  Base 
(1995-2040) 

1218 

5. 

Regression  Period 
(2019  - 2040) 

- 

1218  - 1167  = 

51 

6. 

1985  -»■  1986  Change 

(1091) 

1281  - 1091  = 

190 

7. 

Adjusted  Total 

- 

190  + 51  = 

241 

8. 

Effect  of  Depletions: 
Table  2:  Run  2,  Case  1 

1139 

1218  - 1139  = 

79 

9. 

Effect  of  Salinity 
Coefficients: 

Table  2:  Run  2,  Case  2 

1170 

1218  - 1170  = 

48 

10. 

Total  Effect 

- 

114  + 79  + 48  = 

241 

11. 

Non-additi vity 

- 

241  - 241  = 

0 

12. 

Hydrologic  Input  Data 

- 

(114/241)  • 100  = 

47 

13. 

Depl etions 

- 

(79/241)  • 100  = 

33 

14. 

Salinity  Coefficients 

- 

(48/241)  • 100  = 

20 
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APPENDIX  A 


SENSITIVITY  ANALYSIS  NO.  1 

COLORADO  RIVER  SALINITY 
REDUCTION  TARGETS 

PLOTS  OF  TARGETS  AND 
PLOYNOMIAL  REGRESSIONS 
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YEARS 


CRSS  SENSITIU*  ANALYSIS  CASE  1 


141 


YEARS 


CRSS  SENSITIUITY  ANAL.  CASE  a 
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YEARS 


CRSS  SENSITIUITY  ANAL.  CASE  3 
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appendix  b 

SENSITIVITY  ANALYSIS  NO.  2 

COLORADO  RIVER  SALINITY 
REDUCTION  TARGETS 

PLOTS  OF  TARGETS  AND 
FITTED  REGRESSIONS 
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Comparison  of  Regressions 
Run  1,  Base 


o 

o 

C\1 


LD 

CO 


o 

CO 


LO 

C\J 


in 

u 

<D 

> 


o 

CSJ 


uo 

C\J 


LT) 

o 


o 

c 

o 

(XI 


LT) 

cn 

cn 


(S.OOO'T)  paAOUian  suoi 


147 


Lotus:  Yah 
yahRI B 

November  26,  1986 


Comparison  of  Regressions 
Run  1,  Case  1 


o 

o 

CVJ 


LO 

CO 


O 

CO 


LO 

CVJ 


c 

CVJ 


_ LO 


LO 

O 


o 

o 

o 

CVJ 


LO 

cn 

cr> 


o 

oo 


o 

LO 


o 

(VI 


o 

CT) 


o 

co 


o 

rO 


(si000‘  T ) POAOUI9H  suox 


148 
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Comparison  of  Regressions 
Run  1,  Case  3 
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Lotus:Yah 
YahRI C3 

November  26.  1986 


Comparison  of  Regressions 
Run  2,  Base 
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Comparison  of  Regressions 
Run  2,  Case  1 
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Lotus:Yah 

YahR2C1 

November  26.  1986 


Comparison  of  Regressions 
Run  2,  Case  2 
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Lotus:Yah 

Yahr2c2 

November  26,  1986 


Comparison  of  Regressions 
Run  2,  Case  3 
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